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em “up to the 
pp, not down to a price’’. Sorry the 
printer’s error makes it necessary to 
turn the catalog in order to see them 
in their correct position. 


WHEN YO EL KING FOR We have packed a lot of information into these two 


pages—a brief summary of the most complete line 
of automatic control equipment made by any man- 
ufacturer for the use of the refinery engineer. When 
you are considering controls check these two pages; 
you'll find that your every: requirement is available. 
REFINERY CATALOG Then send for bulletins which give you more de- 
tailed information on the equipment which has the 
growing preference of refinery engineers all ovet 
the world. 


TURN TO PAGES 226 & 227 OF YOUR 
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Limited supply of impure water 
brought adoption of a closed system 
for cooling engines and compressors. 
The two radiators, left foreground, 
have individual fans, which reduce 
temperature 7 degrees. The radiator 
sections are mounted in rubber, Flex- 
ible rubber hose connections for both 
inlet and outlet piping headers are 
used to counteract vibration. Behind 
the radiators is the water surge tank. 
Other equipment shows inclosed air 
receiver and air-cooled muffler. 


Departures in Design and Operation 


Overcome Obstacles 


F. L. KALLAM 


Industrial Engineers, Inc., Los Angeles, Calif. 


ARNSDALL OIL COMPANY completed and 
placed on production May 20, 1937, its first well 
in what has since been termed the Newhall-Potrero 
oil field. This field is 6 miles west of Newhall and 40 
miles north of Los Angeles. The 4000-acre lease is 
isolated and hidden in a saucer-like valley, the rim of 
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In Newhall-Potrero Plant 


which is composed of rugged rocks and mountainous 
terrain. The single opening in this rim to the north- 
east leads from the floor of the valley, at an average 
elevation of 1200 feet above sea level, to the course 
of the Santa Clara River, 2 miles below. 

Five wells are on production with proved acreage 
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for at least 50 more. Very little doubt now exists but 
that the entire structure marking the Newhall- 
Potrero field lies within the limits of the Rancho San 
Francisco lease. In effect, the development has re- 
sulted in a private oil field for Barnsdall Oil Com- 
pany. The company was therefore particularly anx- 
ious that its program for handling the gas and natural 
gasoline production from this property be adequate 
for present needs, and yet be flexible enough to 
handle conditions as yet unknown in the future. 


FROM A SINGLE POINT 


A thorough study of the many factors involved 
caused the management to select practices which are 
somewhat out of the ordinary in California. To begin 
with, all traps, oil storage and shipping tanks are 
centrally grouped. Each well is connected to its own 
trap by means of a single, small and economical 
conductor line. As long as pressure permits, the oil 
and gas separation is made a two-stage operation, 
with the initial trap operated near 500 pounds and 
the final at approximately 35 pounds ‘pressure. Gas 
from each stage of separation is appropriately meas- 
ured by orifice meter and pipe to either the high- or 
low-pressure manifold. Oil produced from each well 
is likewise measured, passing through a displacement 
meter as it leaves its own low pressure trap and 
flows into the adjacent central storage tanks. 

The natural gas operations thus require the han- 
dling of high- and low-pressure gas from a single 
point rather than the usual collection by means of 
an elaborate pipe line system connecting with each 
well site. As the gasoline content of the gas from 
this field is of the order of one gallon, and under 
curtailed conditions the quantity to be treated is 
likewise low, a temporary fuel market exists for the 
gas as produced. The requirement for such sale is 
that the gas be available for entering the purchaser’s 
line at a pressure not to exceed 350 pounds, and a 
temperature not greater than 10° F. above the read- 
ing of the wet bulb thermometer. 

To meet these preliminary requirements, a single- 
unit compressor installation was made which pro- 
vides for compressing all low trap gas to high pres- 
sure. This plant was located approximately one- 
quarter mile west of the central trap battery upon a 
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Dry gas is cooled by keeping the 
air volume constant and governing 
the amount of water mist sprayed 
by a two-bank system of spray 
heads. In operation temperature of 
the outgoing gas remains within 
three degrees of the wet bulb, well 
within a contract requirement of 
10 degrees specified by the pur- 
chaser. This view is from the air 
intake side of the gas-cooling unit. 


site which will allow the ultimate 
installation of 20 compressors. A 
further basis for the selection of 
this site was that it represents 
present knowledge as to possible 
future directional development of 
the field and that it correlates 
with the proposed drilling loca- 
tions. As selected, the site offers 
sufficient area for the ultimate 
installation of absorption, distillation, stabilization, 
storage and boiler facilities. 

One line for carrying the high-pressure gas and 
one for the low-pressure gas connects the plant with 
the source at the trap battery. Paralleling these lines 
is one for returning dry gas to the lease fuel system. 
The high-pressure gas sales line from the plant to 
the purchaser’s meter-run is also grouped with these 
lines, as is the line carrying make-up water for the 
plant. All these lines carrying services to and from 
the plant are thus grouped together and are laid 
above ground upon common redwood supports. 


ONE MAJOR LINE CROSSING 

Despite the fact that at present the compressor 
plant consists of but a single unit, it offers many 
new and unique features. The compressor itself is 
housed in a steel-framed building, the floor of which 
is approximately 30 inches above the grade of the 
plant yard. This arrangement permits the piping to 
be placed upon concrete piers above grade without 
resorting to the use of conventional concrete trenches. 
Although all lines in this plant are above grade, they 
are arranged in such a manner as to not be a dis- 
advantage or inconvenience to the operators in the 
normal course of their duties. The design is such 
that only one major line crossing is required and 
this is accomplished by the use of a single steel 
walk-way from the compressor house to the main 
operating aisle. 

Considerable care was used in this preliminary in- 
stallation to provide for possible future expansion of 
the plant upon the basis of the original piping design. 
It was felt that plant safety was considerably en- 
hanced by doing away with trenches which offer 
hazards from the standpoint of gas accumulation 
pockets in times of emergencies. With the lines 
placed above grade they are readily inspected and 
easily painted and maintained. They also offer an 
opportunity for the operator to readily check the 
plant flow system at any time. One further novel 
feature of the piping is that all main headers are 
arranged for service connections at either end, and 
that space adjacent has been left to duplicate any 
header in the future. 

The compressor unit is cylindered for two-stage 
operation with the first-stage suction taken from a 
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scrubber located in the low-pressure-gas-intake line. 
A regulating valve in the suction line prevents the 
compressor from lowering the pressure within the 
scrubber below 20 pounds. Liquid carry-over from 
the field traps is separated from the gas stream in 
this scrubber, and is automatically withdrawn by 
means of a condensate-removal pump, operating in- 
termittently as required. The pump, which is of the 
duplex reciprocating type, is operated with hot in- 
terstage gas, the expanded gas being exhausted back 
into the low-pressure suction of the compressor. 

Should liquid accumulate in the scrubber at a rate 
beyond the capacity of the pump, a float-device will 
make an electrical circuit short-out the magnetos on 
the power-end of the compressor. This will place the 
compressor out of operation and prevent liquid 
from entering the low-pressure cylinder and causing 
damage. 


LIQUID SAFETY CONTROL 


A similar scrubber and liquid safety control is in- 
stalled at the suction of the high-stage cylinder. In 
this instance, the liquid separated from the gas is 
gasoline and water which is condensed as a result 
of the interstage cooling. As the pressure at this 
point in the system is approximately 120 pounds, the 
condensate is effectively discharged by means of a 
float valve into the same line carrying the fluid from 
the low-pressure condensate pump. 

A third scrubber and liquid separator is provided 
at the outlet of the final high-pressure-gas cooler. 
The purpose here is to remove the gasoline and water 
condensate formed as a result of this cooling, and to 
thereby provide a final gas meeting the dew-point 
specifications. The liquid so removed is automatically 
drained into the line carrying the liquid accumula- 
tions from the low and intermediate scrubbers. All 
three scrubbers are fitted with special liquid-vapor 
separator elements which have proved to be very 
efficient. 

The power-end of the compressor unit is equipped 
with an air-cooled muffler and fitted with an over- 
head type of air-intake provided with a filter and 
back-fire relief valve. Jacket water circulation is 
supplied by a 200 GPM centrifugal pump, directly 
driven from the compressor itself through the me- 
dium of a flat leather belt and gravity type idler. 
Air for starting purposes is provided by an auxiliary 
compressor built integrally with a motor operated 





By building the compressor house 
floor 30 inches above plant yard grade, 
all piping could be run above ground. 
The one crossing for piping was pro- 
vided by a steel walkway from the 
compressor house. Since gas supply 
comes from a single field tank bat- 
tery, service lines were laid in parallel. 
The piping in the foreground includes 
the high-pressure line and the low- 
pressure line from the tank battery, a 
line for returning lease gas to the 
wells, a line for delivery of gas to the 
commercial buyer and the line for 
make-up water, distilled in a boiler 
near the lease tank battery. 





upon natural gas fuel. A single air reservoir provides 
the necessary storage capacity for engine starting. 


CYLINDER JACKETS COOLED IN PARALLEL 

Water on this lease is difficult to obtain in neces- 
sary quantity for the conventional type of installa- 
ation, and besides, is of such quality as to be unfit for 
direct use as a coolant in plant operation. Conse- 
quently, a decided departure was made in the jacket 
water cooling facilities. The 180-horsepower engine- 
compressor was arranged for water from the pump 
to be supplied the power and compressor cylinder 
jackets in parallel. This design permits the circula- 
tion of what would perhaps be considered an ab- 
normal amount of cooling water. Sound engineering, 
however, has demonstrated that large quantities of 
water, even at high temperatures, with resulting 
small temperature rises through the jackets, will 
actually give the desired cool running parts on an 
engine. In fact, the engine temperatures will be 
lower than for the case where normal amounts of 
colder water are circulated through the jackets. The 
use of a large amount of water greatly improves the 
thermal transfer from the engine walls to the water 
by reason of the greater turbulence in flow through 
the jacket channels. Increased water circulation is, 
therefore, a simple means of compensating for the 
present inefficient engine jacket design. 

Actual cooling of the combined water from the 
compressor and power .cylinder jackets is accom- 
plished by the use of forced-air equipment, the outlet 
of which forms the suction for the water pump. A 
surge tank is also incorporated here to provide an 
emergency supply of water and to afford a point to 
automatically maintain the level constant upon the 
system. Water used is distilled from a boiler located 
at the lease storage tanks and brought to the plant 
through a 1-inch condensate line. All such water is 
inhibited against oxygen to prevent corrosion of the 
system. 

GAS COOLER DESIGN 

The jacket-water cooler consists of two parallel 
units of radiator type sections, mounted in rubber, 
and supported in a common structural steel frame. 
To further protect the sections against possible 
vibrations from the compressor unit, transmitted 
through the piping system, connections to the upper 
inlet and bottom outlet headers are by means of 
flexible rubber hose. Air is drawn through each 



































radiator by its own individual eight-bladed fan, 
mounted directly upon the shaft of a 1-horsepower 
totally-enclosed motor. The jacket water enters the 
cooler at 155° F. and is cooled through a 7 degree 
range by the forced air flow. During the summer 
months the air temperature reaches 110° F. at the 
plant site. The cooler frame is provided with space 
for the future installation of a third radiator. This 
will give some reserve capacity not now possessed 
by the unit. One decided advantage of this type of 
cooler is that it occupies a ground area of but 2 feet 
by 10 feet, a height of 5 feet, and requires no water 
for bringing about the necessary cooling. Since the 
cooler requires no water, there is no water loss, no 
water make-up, and no damage to adjacent equip- 
ment from the corrosive effects of flying spray. 

An even more radical departure in cooling methods 
for a compressor unit is provided for the interme- 
diate- and final-stage gas coolers. Both of these units 
are mounted vertically, one behind the other, in the 
middle of a horizontal rectangular metal housing. 
The front of this metal shell is fitted with vertical 
louvers and serves as an air intake. Between this 
point and the high-pressure gas cooler, the housing 
forms an air-cooling chamber, complete with sprays, 
eliminators and water catch basin. 

sehind the high-pressure cooler is located the 
intermediate gas cooler, beyond which, space has 
been left for the future introduction of a third cool- 
ing coil. At this location, the housing serves as a 
duct to the inlet of a fan assembly, whereby ap- 
proximately 40,000 cubic feet per minute of air is 
discharged upwardly from the casing. 


TEMPERATURE GOVERNED BY WATER VOLUME 


Power for turning the fan is supplied through a 
V-belt drive by a multi-cylinder engine equipped for 
operation upon natural gas. This engine also is 
direct-connected through a flexible coupling to a 
t-inch centrifugal pump which circulates the spray 
water. The engine and pump are mounted upon a 
common structural steel base, which in turn, rests 
upon: slotted sliderails. As the piping to and from 
the pump is provided with guided slip-joints, the 
entire power assembly can be made sideways by 
means of adjusting screws, permitting proper take- 
up for belt stretch. 

In operation, atmospheric air is drawn into the 
cooler housing by the fan, and passes through a fine 
water-mist produced by a 2-bank system of spray- 
heads. As the inlet air is never completely saturated, 
it will pick up vapor evaporated from the water, and 
will have its temperature lowered. If the leaving air 
is saturated, then its temperature will be the same 
as that indicated by the wet bulb thermometer. At 
the outlet of the spray chamber a special eliminator 
section is provided. This eliminator consists of a 
series of metal baffles, so designed as to separate 
all of the entrained, or free, unevaporated moisture 
from the humidified air. 

Next, the cooled air passes across the horizontal 
tubes of the high-pressure gas cooler where its tem- 
perature is raised by means of the heat absorbed. In 
this case, the gas cooled is a mixture of that dis- 
charged from the last stage of the compressor and 
that which flows directly from the wells at high 
pressure. The tubes employed in this cooler are of 
the integrally finned type, having 7 fins per lineal 
inch of tubing. 

The somewhat heated air leaving the high pressure 
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gas cooling section next flows across similar tubing 
through which passes all of the gas from the first 
stage of the compressor. This is the plant intercooler. 
From this point the air enters the suction of the 
blower and is discharged at high velocity to the 
atmosphere. 


LIMITED SPACE REQUIRED 


In ths cooler design the air volume remains con- 
stant and the temperature to which the gas is cooled 
is governed by the amount of spray water circulated. 
Very obviously, this system permits cooling of the 
gas to very low temperatures consistent with wet 
bulb thermometer conditions. Actual plant perform- 
ance has consistently resulted in outgoing gas tem- 
peratures of within 3 degrees of the wet bulb. This 
is 10 degrees colder than would be possible under 
identical conditions employing conventional coolers 
and using water from a cooling tower as the gas- 
cooling medium. 

Another advantage of this air type of gas cooler 
is that the entire assembly occupies less ground 
space than the water type including the necessary 
atmospheric cooling tower. Still a further advantage 
is that the usual spray loss is eliminated, and with it, 
the resulting corrosive effect upon surrounding equip- 
ment. Only the small amount of spray water eva- 
porated to saturate the air-stream need be replaced, 
and where water is scarce and a problem, this feature 
is a big saving. The power needed for fan drive and 
spray water circulation will not exceed the require- 
ments of the conventional cooling system involving 
pumps to circulate water over a cooling tower and 
through the gas cooler. 


SAFETY PROVISIONS 


The plant is further equipped with safety features 
including the conventional and mandatory guarding 
of all moving machinery parts. Failure of either the 
spray or jacket water pumps is called to the attention 
of the operator by means of electric horns. These 
alarms also indicate the failure of either the fan 
drive motor or the main compressor unit. Additional 
precautions prevail in the case of the compressor 
unit should the temperature of the jacket water ex- 
ceed a predetermined amount. This could result from 
failure of the jacket water cooler fan drives, or other 
cause, in which case, the compressor unit would be 
automatically shut down by reason of shorting of 
the ignition system. A similar emergency control has 
been installed for the case of high temperatures on 
either of the compressor main-bearings. The plant is 
likewise fully furnished with thermometer and pres- 
sure gauges whereby the operator can easily secure 
information relative to the component parts of the 
flow system. 

A very effective system of night illumination has 
been incorporated into the plant, consisting of vapor- 
proof fixtures and conduit. Controls and switches 
for both the power and lighting circuits are located 
upon a common panel board which is outside the 
compressor building. 

Although the present function of this installation 
is relatively simple, and the initial unit is small, it 
does represent a radical departure in compressor- 
plant design. Future development of the field will 
require expansion of facilities, and specific consider- 
ations have already been given this possibility. 
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Truck Loading Rack at Globe Oil & Refining Company’s McPherson, Kansas, refinery. 


Safe and Efficient Truck Loading 


Racks Are Important 


LL ) expedite handling of gasoline shipped by truck, 
one requisite is sufficient driveway capacity to 
eliminate backing. Trucks should drive in at one gate 
and leave by another which all roads at least graveled 
or oiled so that a truck, no matter how heavily loaded, 
may get away quickly. This for the reason that, if 
other inducements are equal, the plant which sup- 
plies the quickest loading facilities is the one that 
transport operators choose. For the benefit of the 
truck driver the apron of concrete upon which the 
truck stands while loading should be level, so that 
cargoes can be gauged to check with the meters that 
register the amount of material placed in the tanks. 
Concrete is the answer and is far better than gravel, 
chat or shell. 

For the loading rack itself, good business indicates 
that fire-proof material should be used exclusively for 
its construction—reinforced concrete for pillars and 
loors, steel for studs, rafters and roof members. Com- 
position corrugated material, made of cement and as- 
hestos, is excellent for roof. The floor of the loading 
ick should be as high as the usual run of tank beds, 
so that operators may cross from one to the other 
safely. The edge of the loading floor next to the trucks 
should be faced with iron to fend off trucks driven too 
Close to the structure. 


METERS BEST 


Loading devices, such as hose or swings, should be 
tached to piping high enough to swing out of. truck 





September, 1939 


A Gulf Publishing Company Publication 


passage-way, and fold back against the structure be- 
neath the canopy and out of the weather. At the same 
time, the loading pipes must be easily handled so they 
will reach tank domes without spilling. 

Obviously, meters should be installed to measure 
products loaded in trucks to check with tank gauges 
and to make possible an accurate accounting to the 
purchaser and to keep records of shipments. State laws 
governing taxes on motor fuel make accounting impera- 
tive, and meters, gauges, and careful handling and 
recording makes the accounting easier. 

Storage to serve the truck loading rack may be the 
same used to load materials to the tank cars, but gaug- 
ing and general handling is more easily and more ac- 
curately done if separate tanks are provided. Piping to 
the loading rack and to the loading rack service storage 
should be laid so that it does not complicate the present 
system of refinery transportation. A discussion of value 
of this type of layout for refineries was presented in 
the article, “The Refinery Transportation System” by 
L. C. Trescott, THE REFINER, Vol. 15, No. 1, January, 
1936, page 15. This explains in detail the nuisance of a 
cumulative and complicated transportation system. To 
avoid contamination of one product with another, such 
as premium gasoline with third grade, or with some 
heavier distillate, the shortest lines possible should be 
installed, if circumstances prevent the use of separate 
pumps and transfer lines; this latter, of course is pre- 
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Tanks, hose and other equip- 

ment used by Roosevelt Oil 

Company, Mt. Pleasant, 
Michigan. 


ferred. A blue print or sketch should be made at the 
time the installation goes in, it should be kept up to date, 
and copies placed at accessible points for the use of all 
those interested in the bulk loading station and rack. 
When the plant is so located that gravity may be 
employed in loading, procedure is much simplified, as 
the head on loading pipes is always available for trans- 
fer purposes, without calling pumpe.s and switchers in 
the refinery proper. All refineries are not built in locali- 
ties which provide hills, but vertical tanks, set well up 
on concrete and steel foundations serve just as well, 
and, in some instances do a better job because of the 


shortness of the lines from the tanks to the loading 
header. 


VALVES AND RESPONSIBILITY 

Regardless of which type of transfer system is used, 
be it gravity, or central pumping, no one should be per- 
mitted to handle gate valves and cocks save those 
directly responsible for the products. Often the truck 
driver offers to be of assistance to loading rack operat- 
ors, and if permitted to serve themselves they may open 
the wrong valve and spoil a truckfull of gasoline. In 
addition gauges and records may be thrown off and 
subsequent difficulty is encountered in making the stocks 
balance. Further, since they are not familiar with rules 
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affecting the loading rack, they may create a fire hazard 
by spilling gasoline. 

No loading rack should be contemplated which does 
not include proper fire-fighting equ:pment. Adequate 
extinguishers should always be accessible, placed either 
on the floor of the rack, or in some handy spot where 
operators can get to them quickly. It goes without 
saying, that no smoking should be permitted. 


SAFETY PERFECTION 


Many loading racks are models of efficiency, not only 
from the standpoint of accomplishing a large volume 
of loading, but also from the viewpoint of good design 
and careful attention to details, and especially with the 
view to safe operations. Such racks are provided with 
adequate static-grounding systems, including metallic 
cables, or insulated service lamp cord with large alli- 
gator clamps at one end, and the other end permanently 
grounded to rods or piping set deep into damp soil. At 
such racks, the first thing that is done is to see that all 
static is drained from the vehicle before it is driven to 
the loading pipes. This is done by connecting the metal- 
lic frame of the truck to an adequate grounding system, 
or by determining conclusively that the ground chain 
on the back of the truck has been in contact with the 


Truck leading rack of Conti- 
nental Oil Company, Denver, 
Colorado. 
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Equipment used by refiners 
at Oil City, Pa., with which 
gasoline and other light oil 
products are loaded in trucks 
for cross-country distribution, 


road throughout the trip the vehicle has covered. After 
this precaution is taken, the truck rolls up to its loading 
spout, and before another move is made, the ground 
wire is attached securely to the frame, or tank, to drain 
away further accumulation of static electricity. 

To complete the safety picture with regard to static, 
all tanks which are connected to the truck loading rack 
are themselves grounded with copper cables welded to 
a point on the side sheet, extending to permanent damp- 
ness so that no danger will result from static jumping 
from one point to another. In dry climates, static will 
form more readily than in localities with frequent rains. 
This is due, it is thought, to the continued dryness of 
the top soil, which forms a non-conductor between the 
tanks and foundations. Trucks in such localities will 
accumulate a charge of static electricity more readily 
than in damper climates. It is no uncommon occurrence 
in foothill regions to encounter electrical disturbances 
that render ignition systems inoperative. 

These well equipped and well designed loading racks 
are kept clean and free from debris, such as discarded 
hose, funnels, and a lot of clap-trap that seemingly has 
a habit of accumulating if not disposed of regularly. 

Careful handling of products is important, because 
many transports are kept spotless, shined frequently to 
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bring out house brand names, and every effort and 
facility should be used to keep them in good shape. 
[f the transport company carries lading for distributors 
not directly connected with the refinery, that company 
resents sloppy loading and the spoiling of the finish 
on equipment. 


If the rack is built near a main thoroughfare, ap- 
pearance is valuable in that it has influence on sale of 
the products. When proper ‘design has been followed in 
building the truck loading rack the structure and auxil- 
iary equipment should be painted with a pleasing and 
attractive color combination. 


Appearance of the truck-loading rack is one of the 
measuring sticks that the public uses to judge the prod- 
ucts of a refinery. If the premises are slovenly, it is only 
natural for the entire plant and its products to be 
judged in the same light. In relation to attractive ap- 
pearance of loading equipment, the truck rack differs 
materially from the tank-car-loading rack. First, the 
general consuming public is more likely to see frequently 
the truck loading station, as racks of this type are 
usually near thoroughfares. The tank-car-loading rack is 
seldom visible. Secondly, a great number of individuals 
come in contact with the refinery through truck-loading 
racks while only trainmen come in contact with tank- 
car-loading facilities. 


Loading equipment in new 
refinery of Leonard Refiner- 
ies, Inc., at Alma, Michigan. 
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Gas Lift Water Supply System 


Is Automatic in Operation 


OLLOWING a new set-up in building gasoline 

plants, Continental Oil Company has built three 
separate units in the K-M-A field of Wichita Coun- 
ty, Texas, each self contained, using individual 
gathering system, and manufacturing gasoline inde- 
pendent of other units. This has been developed as an 
assertedly better method than operating booster 
plants which deliver wet gas to a central extraction 
unit. 

Compression is used to obtain desirable hydrocar- 
bons from the gas processed, with cooling of gas, 
compressed through two stages, obtained with water 
circulated over cooling towers. This water is ob- 
tained from drilled wells in the plant yards, and pro- 
duced by air lift. As no boilers are operated, make-up 
water to supply normal evaporation is required in 
varying quantities, depending upon wind velocity 
and the relative humidity of the atmosphere. 

Fresh water flows directly from the wells to the 
cooling tower basin instead of to a supply tank. The 
wells are located as near the cooling towers as 
practicable. 

The equipment used to control the flow of water is 
automatic, so that no excess water is produced. How- 
ever, in cases of emergency, a larger amount of water 
may be lifted from the wells, by placing the equip- 
ment on hand control through a by-pass. 

The wells are tubed in the usual manner, with the 
submergence necessary to lift the water from the 
producing zone to the surface and place it in the 
cooling tower reservoir. The line carrying the com- 
pressed air is equipped with a diaphragm controlled 
valve, which in turn is operated by a float on the 
surface of the cooling tower basin water, so that the 
proper air volume may be introduced into the well to 
produce the desired amount of water. 

The instrument at the cooling tower basin is 
operated by a ball float, attached to the operating 
shaft, and counterbalanced at the opposite end with 
an adjustable weight to provide the degree of sensi- 
tivity required for operation. The controller is set 
above the float shaft, and operates in the same 
manner as any liquid level float controller. 

The supply piping carrying operating air pressure 
is attached to one side of the remote controller, and 
a second pipe leads from this instrument to the dia- 
phragm head of the valve on the air line which 
extends into the water well. If an unusual amount of 
water is evaporated, the float naturally drops to fol- 
low the surface and by doing so it admits a greater 
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amount of air through the remote controller, which 
in turn depresses the diaphragm in the well controller 
and a greater amount of water is produced. In normal 
operation, the level of the water in the cooling tower 
basin remains fairly constant, so that the stream 
of water from the flowing well does not vary ap- 
preciably. 

In completing the well and installing tubing and 
flowing pipe, a concrete slab was cast around the well 
casing, which extends about 4 inches above the sur- 
face of the block of cement, with triangular sections 
of steel imbedded, one on each side of the casing 
and about 6 inches away. These sections are slotted 
at the top, so that the tubing clamp will slip snugly 
into the slots to prevent slipping. This tubing sup- 
port is made in two sections one of which is welded 
to opposite sides of the tubing so that the outer end 
of each strikes its slotted triangular section of steel 
imbedded in the concrete beside the casing. 

With an adequate supply of water in the producing 
gravel, the flowing device requires no attention when 
once adjusted to deliver water to maintain the neces- 
sary level in the cooling tower basin. Being entirely 
automatic, there is no necessity of making adjust- 
ments to produce a greater or lesser stream of water 
to meet varying operating conditions, such as may be 
encountered if wells are produced by pumping. 





Float control device used by Continental Oil Company in 
its K-M-A gasoline plants to supply water to cooling tower 
basin. 
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Residuum stripper column _ recently 
installed by Bell Oil & Gas Company 
at Grandfield to recover Diesel fuel. 


Residuum Stripping 


System Increases Yields 


JOHN C. ALBRIGHT 


EALIZING that a greater profit might be ob- 
tained from the sale of domestic burning oils 
ind Diesel engine fuels than that accruing from dis- 
posing of industrial fuel oil, Bell Oil & Gas Company 
recently remodeled its Grandfield, Oklahoma refin- 
ery so that an additional yield of six percent is 
/btained, based on the cracking-plant charge. As the 
plant had been operated previously, residuum from 
the flash tower was transferred directly through 
oolers to storage and sold as heavy fuel for railroad 
nd industrial uses. 
During the latter part of March, 1939, the plant 
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was shut down for overhaul and inspection, and at 
that time, several improvements were made, among 
which is the special equipment for the recovery of 
a 23° A.P.I. product, the operation of which is 
directly responsible for the additional yield of liquid 
products. The equipment consists of two vertical 
columns, operated in series, through which the re- 
siduum flows, stepped down in pressure from slightly 
below flash chamber pressure in the first column, to 
a slight vacuum in the second vessel where the bulk 
of the light oil is obtained. 

As in the majority of refineries, little space is 
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available among the various units of the cracking 
plant, and one tower (the secondary unit) stands 
beneath a maze of piping and control apparatus be- 
side the wall of the control room building. The pri- 
mary column stands in a small space between the 
flash chamber and the main fractionating column, 
which provides adequate room for piping and auto- 
matic controls. 

The primary stripper is 42 inches by 21 feet hav- 
ing the inlet nozzle slightly above the center and 
equipped with a flanged-and-bolted top cover. The 
vessel stands upon four pipe supports imbedded in 
concrete, with lugs welded to the shell that rest on 
the top of the pipe. A bolted manhole for cleaning 
out the vessel is at the lower end, and a large pipe 
connects to the bottom head for quick evacuation 
of the material in process. The top cover has a nozzle 
and vapor line which leads to the main fractionating 
column so that any vapors released from the re- 
siduum may be recovered and used as recycle ‘crack- 
ing stock. An outside liquid-level instrument is 
attached to the side of the column, spaced so that 
only a few gallons of liquid remains in the column at 
any time during operation, with the liquid valve 
controlled to allow the liquid to pass out at the same 
ratio as the inlet from the main flash column of the 
cracking plant. It is installed with a by-pass that is 
used when coming on stream to prevent accumula- 
tion of coke and other obstructions that might pass 
to the stripping column from the flash chamber. 

The material from this column is released to the 
second column, which is 4 feet by 24 feet, similar 
in construction to the primary tower. Material is 





pumped from the secondary column with a duplex 
steam-driven reciprocating unit, controlled with a 
liquid-level instrument so that a liquid seal remains 
in the base of the unit. It is equipped with a vapor 
line leading directly to individual coolers and con- 
densers to liquefy vapors removed from the residuum 
while being processed. 


The residuum has a temperature of 800° F., and is 
handled under a pressure of 55 pounds while passing 
through the primary stripper, but is reduced to ap- 
proximately atmospheric pressure while passing into 
the second column. Temperature on the outlet of the 
second tower averages 700° F. The bulk of the vapors 
are removed from the residuum in the second tower, 
and totals about 6 percent of the charge to the 
cracking plant. The condensate recovered from the 
second tower is pumped as rapidly as formed from 
the accumulator to create as much vacuum in this 
manner as possible. No great drop in pressure is 
noted in the process, but it never exceeds atmos- 
pheric, and frequently drops to 2 inches Hg. vacuum. 

The condensate has an initial-boiling point of 
360° F., an end point of 720° F., and an A.P.I. gravity 
of 23°. The residuum from the final cooler after being 
stripped of the above condensate has a gravity of 
5.8° A.P.I., and a viscosity of less than 250 at 122° F. 
The utilities used for operating the stripping units 
consist of steam for operating the residuum and con- 
densate pumps. No steam is used in the columns for 
processing or agitation. Process pressure forces the 
residuum from the main flash column through the 
units until it is necessary, because of the drop in 
pressure, to move the products with pumps. 





Liquid level controller on residuum stripper of Bell Oil & Gas Company at Grand field. 
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ie THE SIXTH EDITION of the Process 
Development Section, the object is to present the 
principal refining processes which have come into 


commercial use during the past year. This limitation 
compels elimination of older processes, as well as 
those of minor importance, both of which are a part 
of the 1939 Process Handbook, also published by 
Refiner and Natural Gasoline Manufacturer. 

Another limitation on this objective is that patent 
requirements are such that a few processes can not 
be offered in print, although there are instances of 
commercial application. 

The pages that make up this section are (subject 
to these restrictions) a record of the process develop- 
ment from the summer of 1938 through the summer 
of 1939. They cover five of the principal phases of 
oil refining. 

It is not possible to present each process in a man- 


ner to reveal all its possible hookups and adaptations. 
They are, however, the most complete compilation 
available to the industry and make up a series of 
working charts of all modern important processes, 
which are presented to scientific departments, super- 
visory and operating staffs of manufacturing plants 
as well as to the organizations, which provide equip- 
ment for the processes. 

The information has been provided by owners of 
patented processes and in most instances it has been 
prepared exclusively for this use and with the under- 
standing that it is not subject to republication. It is 
fully copyrighted and reproduction is not permissible 
except upon written permission of the publisher. 

The publisher does not endorse the views ex- 
pressed by those giving the information and is act- 
ing only as a medium for correlating the data and 
its dissemination. 
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Pure Oil Thermal Polymerization 





HE Pure Oil “Thermal Process” for the utiliza- 

tion of hydrocarbon gases to produce high octane 
motor fuel has been under development for over 
twelve years. The process as here described is fur- 
nished by Alco Products Division of American Loco- 
motive Company, 30 Church Street, New York, N. Y. 
The pioneer commercial plant was designed and con- 
structed by Alco Products and has served as the 
prototype for the thermal type plants. 

The need for polymerization plants has been ac- 
celerated by the rapid growth of both the cracking 
industry and the increased recovery of propane and 
butane from natural gas and from crude oil prestabil- 
ization plants. This surplus of available raw material 
coupled with the demand for higher octane motor fuel 
has been more or less responsible for the rapid de- 
velopment of thermal polymerization. In this process 
relatively cheap gaseous hydrocarbons are trans- 
formed into liquid motor fuel which has enjoyed a 
good market year after year. 

Referring to the flow sheet on the opposite page, 
the fresh feed is obtained from a recovery system 
which will vary in its design with the source of the 
raw gas supply. The fresh feed consisting predomi- 
nantly of C, and C, fractions may be recovered from 
refinery gas or natural gas. In the case of a refinery 
operation the fresh feed recovery system will be 
combined with pressure distillate stabilization opera- 
tion. In the case of a natural gasoline plant the fresh 
feed recovery will form an integral part of the natural 
gasoline absorption recovery system. If the fresh feed 
is obtained from the recovery system as a liquid, it is 
pumped to the furnace feed tank direct. This tank is 
held at a pressure depending upon the extent to which 
light constituents are recycled through the polymer- 
ization coil. The material in the furnace feed tank 
constitutes the combined fresh feed and recycle ma- 
terial and is pumped through a preheater to a directly 
fired heating coil and thence through a reaction coil. 
The latter is so arranged that it may be cooled or 
heated depending upon the nature of the overall re- 
action. If it is exothermic, then cooling is practiced 
and vice versa. The conversion products leaving the 
reaction coil are cooled by heat exchange and enter 
a primary fractionator where separation is effected 
so that no C,’s are in the overhead vapors but the bot- 
toms also contain C,’s and lighter recycle material. 
The composition of the latter is such that it forms a 
condensible overhead in the secondary fractionator. 
This fractionator really operates as a debutanizer 
since it recovers the polymer liquid made in each pass 

d its bottoms are practically butane free. The over- 
head from the secondary fractionator which is pre- 
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dominantly C, and C, material is totally condensed 
and flows to an accumulator. This material forms the 
heavier fraction of the total recycle material. The rea- 
son for debutanizing the polymer liquid is because 
from an overall production standpoint, it is advan- 
tageous to produce a low Reid vapor pressure distil- 
late and use fresh butane for vapor pressure blending 
purposes. 

The polymer liquid withdrawn from the secondary 
fractionator flows through a heater and thence to a 
distillate fractionator where a separation is made into 
polymer distillate and gas oil. The overhead of the 
primary fractionator is partially condensed and the 
vapors separated from the liquid at such a tempera- 
ture that the methane content of the condensate is 
limited. The uncondensed fractions containing most 
of the ethane and lighter constituents formed in the 
polymerization reaction flow to a high pressure ab- 
sorber where all the propane and butane are recovered 
as well as part of the ethane and ethylene recycle. The 
amount of ethane and ethylene retained is governed 
by the conversion desired in the pyrolysis-polymeriza- 
tion coil. The rich oil is heated and flashed in a tower 
maintained substantially at the same pressure as the 
furnace feed tank. In this tower the lightest recycle 
fractions are vaporized and taken overhead through 
a condenser and then flow to the furnace feed tank. 
The bottoms from the rich oil flash tower flow to a 
stripper and the stripped material flows to the ab- 
sorber as lean oil. The light hydrocarbons are taken 
overhead, condensed and combined with the other re- 
cycle streams mentioned heretofore. 

The system described has great flexibility with re- 
spect to three important phases of thermal polymer- 
ization operation: (1) It retains all the C,’s and heavy 
recycle which may be more valuable as charging 
stock from a yield standpoint than the fresh feed; 
(2) Provision is made for the economic recycling of 
ethane-ethylene since it has been found that C, re- 
cycling shows increased advantages for decreasing 
concentration of unsaturates in the fresh feed; (3) It 
produces a low vapor pressure polymer distillate con- 
taining a very small amount of butane. 

All of the fractionating, heat transfer equipment, 
etc., is of conventional design for the various unit 
processes. The combination heating and reaction coil 
is so designed that the conversion is accomplished 
at relatively low and constant temperature. The over- 
all polymerization pyrolysis reaction may be en- 
dothermic or exothermic depending upon the degree 
of unsaturation of the feed and conversion per pass. 
This necessitates arranging the reaction coil so that 
heat may be either applied or removed from the same 
if maximum flexibility of the unit is to be attained. 
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Thermal Polymerization Process 





HE thermal polymerization process of The 

Polymerization Process Corporation provides an 
efficient, easily operable and economical method for 
the production of a high quality motor fuel from re- 
finery or natural gases. The process today exhibits 
its commercial applicability through the successful 
operation of installations made over a period of sev- 
eral years. 

Hydrocarbon gases, resulting from either the pro- 
duction or refining of petroleum, consist primarily of 
C, and lighter fractions, and the heavier portions of 
these, regardless of source, composition or unsatu- 
rate content, may, with the selection of proper oper- 
ating conditions, be converted to a premium motor 
fuel. 

In view of this ability to operate on widely varying 
charging stocks in either gaseous or liquid form, the 
process finds useful application not only in refineries 
where the potential feed is essentially unsaturated in 
character, but also in the field, or in conjunction with 
natural gasoline plants where the normally gaseous 
hydrocarbons are entirely saturated. The flexibility 
of the process becomes apparent when it is realized 
that a plant initially designed to operate on one type 
of stock, either an unsaturated or a saturated one, 
can, with a few minor alterations in flow, be made 
suitable for operation on the other. 

The accompanying flow sheet is representative of 
the process design of thermal polymerization plants. 
Fresh feed entering the unit is first sent to a fraction- 
ating and cycle stock recovery system where the 
hydrogen, methane and most of the C, fractions con- 
tained therein are eliminated as residue gas. (No 
attempt has been made on the flow sheet to outline 
the recovery system since this will vary considerably 
depending on feed composition and local refinery 
conditions.) The heavier molecular weight compon- 
ents, C, and C, fractions, leaving the recovery sys- 
tem, enter the polymerization coil where under tem- 
peratures ranging from 950° to 1100° F. and pres- 
sures of 1000 to 3000 pounds, depending upon anal- 
ysis, conversion takes place. The products of the re- 
action consisting of polymer liquid and gas are then 
separated in the primary fractionating tower. The 
polymer liquid is fed directly to the gasoline frac- 
tionating tower where polymer gasoline is taken over- 
head and a small quantity of light oil boiling above 
the gasoline range is drawn from the bottom of this 
tower. The overhead from the primary fractionating 
tower is fed to the recovery system where the C, 
and lighter components are eliminated as residue gas, 
and the C, and C, fractions recovered for recycling 
through the reaction coil. By this recycling operation, 
yields approaching the ultimate are obtained and have 
resulted in a net total liquid production of over 14 
gallons per 1000 cubic feet of gaseous feed. 

Polymerized gasoline has characteristics which 
display the following qualities: (a) The boiling range 


ts 
le 


74 {352} 





exhibits excellent volatility; (b) it is a stable product 
highly saturated in nature; (c) it is not gum forming 
and may be readily refined with light treatments of 
clay contact or acid; (d) the octane value is very 
high. 


A typical inspection of this distillate follows: 


A io oi 5 ds Coa winawawbiva es 60 to 64° 

Sedan) TON POO... oc a cece ccsceevcnns 94° F. 
Be CRDi cals 6e0 be ck 4kG hee eee 140° F 
ane Pets: ae 170° F 
BE ca Oi take eehe hdd keene eees pee 330° F 
Ne NE hi ac nwees Ks do's nckwee ten een 400° F 
Be a ee en a 77-78 


Octane blending value with respect to 
DE, PUTED 6 ic'cvcrerecesuncnoees 80 to over 100 
Saturation (Acid Absorption). .80 to 86% insoluable 


The equipment involved in a thermal polymeriza- 
tion unit, its operation and maintenance are compar- 
able in simplicity to the usual cracking and stabiliza- 
tion plant. Runs of long duration and overall opera- 
tion at high stream efficiencies are attained, and 
there are no catalysts and their attendant problems 
of handling and revivification. 

Gas volumes and properties are dependent upon 
pressure and temperature; therefore, the features of 
the gas supply and the refinery must be given recog- 
nition in designing a polymerization plant for any 
specific location. Types and sizes of auxiliaries are 
chosen in accordance with the characteristics and 
relative values of utilities. Thus, each application of 
thermal polymerization requires a refinery field 
study. Investment cost of one of these units varies 
with conditions local to the site of installation and 
the operating expense is low even in localities of high 
utility rates. Thermal polymerization gasoline is 
made at a cost which compares favorably with the 
cost of producing motor fuel by any other refining 
method and, because of high octane blending value 
and low volatility, the usual polymerization gasoline 
is worth more than other refinery gasolines. 


Large commerical installations of this process have 
been in operation at the Phillips Petroleum Com- 
pany’s Borger, Texas, Refinery for several years. Re- 
cent installations include The Atlantic Refining Com- 
pany’s plants at Philadelphia, Pa., and Atreco, Texas, 
and the Humble Oil and Refining Company’s unit at 
Baytown, Texas. 


The M. W. Kellogg Company, 225 Broadway, New 
York, N. Y., has been appointed licensing agent for 
The Polymerization Process Corporation for the 
United States and foreign countries. Licenses are 
granted under the Polymerization patents and pat- 
ent rights of the Phillips Petroleum Company, 
Standard Oil Company (Indiana), Standard Oil 
Company (New Jersey), The Texas Company, and 
The M. W. Kellogg Company. 
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Houdry Catalytic Cracking Process 





OUDRY CATALYTIC CRACKING UNITS 

process any crude, reduced crude or distillate 
fraction, for the production of gasoline and gas oil 
as the major products from the cracking operation. 
Units for charging crude or reduced crude may be 
designed either for reduction of the bottoms to a 
heavy tar or for non-residuum operation, in which 
a small percentage of readily pulverized coke is ob- 
tained as a product. Houdry non-residuum units may 
be operated either for tar or coke production, hence 
possess a high degree of flexibility in permitting the 
production of heavy fuels in quantities balanced to 
demands. 

Yields of motor gasoline from single pass reduced 
crude operations range from 40 to 45 liquid volume 
percent, based on charge to catalyst, with overall 
liquid recoveries of 95 to 98 percent. On virgin gas 
oil charging stocks, considerably higher gasoline 
yield may be obtained. Houdry cracked gasolines are 
easily treated to any required specifications. Finished 
Houdry motor gasolines produced from any charging 
stocks above the straight run gasoline boiling range 
have octane numbers of 77 to 83 (CFRM), regardless 
of type of crude. Octane rating does not change 
appreciably with boiling point and lead susceptibil- 
ities are high. The octane blending value of Houdry 
gasoline is usually appreciably higher than the clear 
octane rating. 

An outstanding feature of Houdry catalytic crack- 
ing is the ability to manufacture aviation gasoline, 
which is now being produced in relatively large 
volumes by certain of the commercial units now in 
operation. When sweetened, acid treated and rerun, 
Houdry aviation gasoline will meet aviation specifica- 
tions in all requirements and the finished gasoline 
will have an octane number of 76-78 CFRM clear. 
Catalytic treating of aviation gasoline produces simi- 
lar results and in many cases is economically advis- 
able. The addition of 1.8, 3.0 or 4.0 ml. of tetraethyl 
lead per gallon will result in respective octanes of 
87, 90 and 92. Houdry aviation gasoline shows good 
blending characteristics with blending agents such 
as iso-octane or isopentane, and such blends can be 
leaded to 100 octane (Army method) without exceed- 
ing lead tolerances. 

Catalytic gas oils produced from Houdry cracking 
may be utilized in part as distillate fuel oils. When 
charged to thermal cracking units, catalytic gas oils 
give substantially the same yields as obtained from 
virgin stocks of the same gravity and boiling range. 

As of May, 1939, there are in operation the follow- 
ing four commercial units: 


Charge 

Capacity 
Charge BPD Location Company 
SE Sitios Sedwetedue 2,000 Paulsboro, N. J. Socony-Vacuum 
a Ue ad eis aed oh 2,600 Naples, Italy Socony-Vacuum 
Reduced Crude ........ 15,000 Marcus Hook, Pa. Sun Oil Company 
Reduced Crude ........ 18,000 Beaumont, Texas Socony-Vacuum 


The Sun Oil Company has under construction two 
large units and Socony-Vacuum Oil Company, Inc., 
an additional seven units, all of which are expected 
to be in operation before the end of 1939. The first 
three units in the above tabulation represent several 
years of large scale commercial operating experience. 

Houdry catalytic cracking units present a remark- 
able ease in operation with all principal controls 


76 [354] 


centralized and largely automatic. The absence of 
high pressures or temperatures in the range ordinar- 
ily encountered in thermal cracking results in lower 
maintenance costs than for thermal units of similar 
capacities. Overall direct operating costs including 
maintenance, usually range from 6 to 10 cents per 
barrel of charge as determined by specific local con- 
ditions. 


The accompanying photograph shows an 18,000-barrel 
unit placed in operation by the Socony-Vacuum Oil Com- 
pany, Inc., early in 1939, at its Beaumont, Texas, refinery. 
This unit was designed and constructed by E. B. Badger 
& Sons Company. 

Referring to the accompanying flow diagram, the major 
features of a typical Houdry catalytic cracking operation 
are as follows: Charging stock from storage is pumped 
through heat exchange to the furnace heater in which it 
is brought to temperature for transfer to the tar separator. 
The tar separator bottoms is pumped though cooling equip- 
ment to storage. The tar separator overhead flows to one 
of the three catalytic cracking cases or chambers shown 
on the flow diagram. The case overhead, consisting of gas, 
gasoline and catalytic gas oil flows through heat exchange 
to the fractionating tower, in which gasoline and gas are 
taken overhead and one or more gas oil fractions are with- 
drawn. The catalytic cases operate in groups of three with 
one case receiving oil vapor, and the other two in respec- 
tive stages of the regeneration operation. Regeneration of 
the catalyst consists in burning off residues deposited there- 
in by means of preheated air. The flue gases from each case 
undergoing regeneration flow through a combustion case 
in which final combustion of carbon monoxide and traces 
of oil vapor are effected. 

A cooling medium is pumped through tubes in the crack- 
ing and combustion cases, to absorb the heat of regenera- 
tion and to maintain uniform temperatures during cracking. 
Excess heat absorbed by the cooling medium is utilized 
for high pressure steam generation and heat exchange. 


The coking operation on reduced crudes is similar to 
that described, except that the tar separator is replaced 
with special coking equipment. 

The Houdry Catalytic Cracking Process is licensed by 
the Houdry Process Corporation. Units are designed and 
built for licensees, by E. B. Badger & Sons Company. 
Other Catalytic processes available under the Houdry 


license are: 


1. Catalytic reforming. 

2. Catalytic treatment of catalytic or thermal gasolines 
in vapor or liquid phase. 

3. Catalytic desulphurization of gases from cracking or 
topping operations. 

4. Catalytic polymerization of butenes. 
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- Hydrogenation Process 











N November, 1929, Standard Oil Company of New 

Jersey and I. G. Farbenindustrie A. G. entered 
into a contract which replaced the earlier develop- 
ment contract drawn in 1927, and which provided 
for a definite and permanent merger of interests in 
the hydrogenation development. By the terms of the 
1929 contract, patent rights, present and future, of 
Standard Oil Company of New Jersey and I. G. 
Farbenindustrie A. G. relating to hydrogenation of 
coal and oil for the world outside of Germany were 
assigned to a new Delaware corporation—Standard- 
I. G. Corporation—in which Standard Oil Company 
of New Jersey owns the majority of the stock. 


The early negotiations of the American and Ger- 
man companies as well as the later inclusion of 
Royal Dutch-Shell group and Imperial Chemical In- 
dustries of Great Britain, are familiar history. As 
matters in hydrogenation stand today, Standard-I. G. 
has largely fulfilled the purpose for which it was 
organized and will confine its future activities to the 
collection of fixed and running royalties on the proc- 
ess from two patent companies. I. G. Farbenindustrie 
A. G. controls rights to the process in Germany. 
Hydro Patents Company controls rights in the 
United States. A new company, International Hy- 
drogenation Patents Company, controls right to the 
process in the remainder of the world. 


With the major groups possessing patents and ex- 
perience in this process working in full collabora- 
tion, development work may be expected to proceed 
swiftly and on an efficient basis. The commercial ap- 
plication of the process in Germany can be accepted 
as fact. I. G. Farbenindustrie A. G. but recently en- 
tered into contract with the largest German pro- 
ducer of petroleum, Burbach A. G. for its petroleum 
output—which is evidence of contemplated contin- 
uous operation of the Leuna works at Merseburg in 
the hydrogenation of petroleum. 


The following explanation of the process is given 
through the courtesy of Standard Oil Development 
Company, New York, N. Y.: 


In the hydrogenation process the charging stock 
together with sufficient hydrogen, is pumped into a 
reaction vessel containing catalyst where at the de- 
sired temperature and at about 3000 pounds per 
square inch pressure the reaction is allowed to take 
place. 


A panoramic view of the large-scale plant at the 
Baton Rouge, Louisiana, refinery of Standard Oil 
Company of Louisiana, is shown in the accompany- 
ing photograph. 


Hydrogen may be produced by any of the usual 
processes. Since the hydrogen does not need to be 
sulfur-free, its production from coal or coke by the 
water-gas process is somewhat simpler than when 
the hydrogen is to be used for the production of 
ammonia. Hydrogen may also be produced by lique- 
faction and distillation of the easily condensable 
gases from by-product coke ovens, or electrolytically 
when the economies permit. For the oil industry, 
with its generous supply of refinery and natural gas 
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hydrogen may be made by the treatment of hydro- 
carbons with steam in accordance with the following 
reactions : 


CH, +H,O=CO + 3H, (1) 


(2) 


After scrubbing out the carbon dioxide, the hydro- 
gen is of sufficient purity. Catalysts are helpful and 
are generally used in carrying out each of the above 
reactions. 


cO +H,O=CO,+ H, 


The oil and previously compressed hydrogen are 
mixed together and delivered through heat exchang- 
ers to a coil furnace and thence to a catalyst-con- 
taining reaction vessel. The degree of hydrogenation 
is carefully controlled depending on the results de- 
sired, control in general being maintained by altera- 
tion of operating conditions. 


From the reaction chamber the combined final 
products and gases pass through heat exchangers 
and coolers to a high-pressure separator, where the 
liquid product is separated from the unconsumed 
hydrogen and other gases. The liquid product is 
finally reduced to atmospheric pressure and sent to 
run-down pans. 


Gas formed in the process appears in the uncon- 
sumed hydrogen leaving the high pressure separator. 
This gas may be scrubbed with oil under pressure to 
remove the inert constituents and “boosted” back to 
full operating pressure in a booster compressor 
which operates through a pressure interval equal to 
the pressure drop across the system. This uncon- 
sumed gas may be mixed with the feed oil and fresh 
hydrogen just before the exchanger inlet. 


Since no coke is formed in the process, and since 
the catalysts employed are extremely rugged, the 
process is virtually continuous. Runs of as long as 
twelve months’ duration have been made in the 
United States and in Germany on full-scale units. 


POLYMER HYDROGENATION 


Commercial isooctane is prepared by the hydrogena- 
tion of selected polymers of isobutylene, a common con- 
stituent of the gases obtained by cracking petroleum 
products. Such isooctane consists largely of 2,2,4 tri- 
methylpentane. Co-polymers of normal and isobutylene 
are also readily hydrogenated to supply high octane 
blending stock, similar to isooctane. 


At Baton Rouge, Louisiana, a plant has been hydro- 
genating diisobutylene commercially for almost two 
years. The same equipment and the same flow of mate- 
rials are used in polymer hydrogenation as in the other 
adaptations of the high pressure hydrogenation process 
described above. 


The hydrogenated product on leaving the unit nor- 
mally passes to a stabilizer where a small percentage of 
butanes and hydrogen sulfide are removed. Following 
a light caustic treatment the hydro-polymer is suitable 
for use as a blending agent for the production of high 
octane number naphthas. 
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Polyco Catalytie Polymerization 





HE exacting requirements of today’s gasoline speci- 

fications have made it necessary for many refiners 
to lose a certain measure of control over the products 
which they manufacture. Cracking and reforming opera- 
tions are now employed so extensively that there is pro- 
duced an abundance of light gaseous olefins and butanes 
in excess of those which may be included in gasoline, 
and unless subsequent utilization of these valuable 
products occurs they can only be rated as fuel. The 
Polyco catalytic polymerization process, developed by 
The Polymerization Process Corporation, is a specific 
remedy for this undesirable condition. 

The research and development work which serves as 
a basis for the Polyco process was guided by certain 
definite objectives. It was recognized that the primary 
purpose of catalytic polymerization was to recover the 
gaseous olefins by converting them to gasoline. But it 
was also realized that it would be desirable to produce 
a polymer of low vapor pressure, so that a large portion 
of the saturated butanes could be included in the gaso- 
line without exceeding vapor pressure specifications. 
The economic advantage of such a process is obvious, 
since it allows olefins and excess butanes formerly rated 
at fuel value to be sold at gasoline prices. 

With regard to quality, the polymer produced by the 
Polyco catalytic polymerization process is a premium 
product. The entire polymer may be blended with re- 
finery gasoline without having any adverse effect upon 
boiling range specifications, since this material itself is 
gasoline. The octane number of the gasoline produced 
by catalytic polymerization is above 80 and possesses a 
characteristic high blending value when mixed with 
other gasolines. The vapor pressure of catalytic polymer 
is extremely low, and therefore possesses considerable 
capacity for the inclusion of butanes. The combined 
effects of the high octane number blending value of 
catalytic polymer and its ability to increase the inclusion 
of butane in gasoline result in an appreciable reduction 
in the amount of lead tetraethyl needed to raise the 
octane number of the final blended refinery gasoline to 
a given level. The additional butanes in the gasoline may 
be credited with a volumetric octane number blending 
value of 90 or above. 

The accompanying flow sheet illustrates the simpilic- 
ity of a typical Polyco catalytic polymerization unit. 
Liquid feed is first washed with caustic in order to re- 
move certain impurities which tend to impair the effi- 
ciency of the catalyst. With some of the Polyco cat- 
alysts, however, this step is not necessary. The purified 
feed is pumped through a preheater, which in this case 
is an exchanger recovering waste heat from an adja- 
cent hot gas oil stream. The catalyst bed is divided 
into two sections in order that either one of the two 
chambers may be removed from the circuit whenever 
the catalyst contained therein becomes exhausted. 
The remaining equipment consists of a transfer line 
cooler and a stabilizer which separates the polymer 
from the excess light hydrocarbons. 

The polymerization reaction is an exothermic one, 
and in order to control it and to prevent excess tem- 
perature rise, it is often necessary to provide some 
means for removing heat. There are several methods for 
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accomplishing this, one of which contemplates the cir- 
culation of a stream of cold air through tubes located in 
the catalyst chamber. 

Several catalysts have been developed and are avail- 
able for commercial utilization. The selection of catalyst 
depends upon the type of product desired and the nature 
of the gas to be processed. Optimum conditions of tem- 
perature, pressure and flow rate have been determined 
for each of the catalysts. 

Long catalyst life is of paramount importance, since 
the cost of the catalyst and the number of gallons of 
polymer produced per unit of catalyst have a direct 
bearing upon the economic feasibility of catalytic poly- 
merization. By a proper selection of materials and 
method of preparation, there have been developed cat- 
alysts which are sufficiently cheap, rugged and long-lived 
as to eliminate the necessity for regeneration. The 
catalysts are merely charged to the converters, utilized 
until their activity has fallen to an uneconomical point, 
and then rejected. This makes it unnecessary to provide 
expensive regenerating equipment and also removes the 
sometimes hazardous operation of regeneration. 

Polymer production is ultimately limited by the quan- 
tity of unsaturates principally propylene and butylenes 
present in the feed stock. The maximum polymer pro- 
duction may be obtained by operating the refinery 
cracked gasoline stabilizer so as to take overhead the C, 
and lighter fractions of the cracked gases. The un- 
saturated constituents are then polymerized to a low 
vapor pressure product and with the saturated butanes 
blended back to the desired specification. In those cases 
where the cracked gasoline has been stabilized to a low 
Reid vapor pressure it is advantageous to operate the 
polymerization unit stabilizer so as to include a high 
percentage of butanes in the bottoms. This high vapor 
pressure polymer is then blended back to the desired 
gasoline specification. For those refineries where the 
quantity of gasoline marketed is substantially fixed, the 
Polyco process will reduce the crude run by 5-6 percent 
for the same gasoline production. 

One interesting and commercially important adapta- 
tion of the Polyco catalytic polymerization process is in 
the manufacture of technical iso-octane, which is used 
in the preparation of aviation gasolines. The feed stock 
in this case is a butane-butylene fraction, and the re- 
action takes place under conditions of extremely close 
control. The octane number of this polymer, after hy- 
drogenation, is above 90. 

The simplicity and flexibility of operation, the abil- 
ity to produce a high quality product from a charge 
usually valued as fuel, coupled with the relatively low 
capital and operating costs, have resulted in a process 
of economic importance to the refiner. 


The M. W. Kellogg Company, 225 Broadway, New 
York, N. Y., has been appointed licensing agent for 
The Polymerization Process Corporation for the United 
States and foreign countries. Licenses are granted under 
the patents and patent rights of the Phillips Petroleum 
Company, Standard Oil Company (Indiana), Standard 
Oil Company (New Jersey), The Texas Company and 
The M. W. Kellogg Company. 
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Shell Catalytic Hydrogenation 








OCTENES TO OCTANES 


A CATALYTIC hydrogenation process has_ been 
developed by the Shell Companies which is simple, 
economical, and particularly adapted to the hydrogena- 
tion of octenes produced by polymerization of butylenes. 
The process operates at low pressure (below 4 atmos- 
pheres, gauge) and at a temperature not exceeding 
200°C. (392°F.). The process effects substantially com- 
plete hydrogenation, and produces thereby high octane 
fuels low in acid-heat number and ideally suited for 
manufacture of high octane aviation gasoline. 

The commercial process produces octanes of 98-100 
octane number by direct polymerization of an octene 
mixture prepared by butylene polymerization, which 
process is described elsewhere in this issue under the 
title “Catalytic Polymerization by Sulfuric Acid.” The 
hydrogenation process is also suited to other feeds than 
the octene mixture, including diisobutylene and tritso- 
butylene. The hydrogenation process operates in the 
vapor phase and employs low pressures and tempera- 
tures. These mild conditions are employed as the result 
of development of a suitable active nickel catalyst which 
is supported on porcelain. 

The unformed catalyst is a hydrated nickel nitrate 
impregnated in porcelain. The nitrate is decomposed to 
nickel oxide, and then reduced to metallic nickel in a 
stream of hydrogen. After formation the catalyst is 
maintained in a hydrogen atmosphere when not in 
service. The activated nickel catalyst is suceptible to 
poisoning, particularly by sulfur. Carbon monoxide and 
oxygen produce temporary loss of activity, which can 
be restored by reactivation in place. Sulfur produces 
permanent loss of activity, thus sulfur content of the 
octene feed must be kept at a minimum and this can be 
done by proper treatment of the butylenes prior to poly- 
merization. Spent catalyst can be used for pre-treating 
the octene feed to reduce sulfur content prior to contact 
with active catalyst. Experience shows that in plant 
operation 1000 gallons of finished isooctane are pro- 
duced per pound of nickel charged to the catalyst 
chambers. 

The source of hydrogen for plant operation should 
be free of sulfur which can be removed by a simple 
treatment of the hydrogen gas stream. Convenient 
sources of hydrogen are the pyrolysis of natural gas 
and the dissociation of ammonia. A process for the pro- 
duction of cheap hydrogen, free of impurities with 
poison nickel catalysts, has been developed recently by 
the Shell Chemical Company. This gas contains 85 per- 
tent hydrogen, with only methane and nitrogen as im- 
purities, both of which are inert and their presence in 
this amount is not objectionable in the process. 


The catalyst, when activity is decreased to a certain 
point, is reactivated in place to increase its life. The bed 
is purged of hydrogen, air is then introduced for 4 to 12 
hours, and the oxidized catalyst is again reduced with 
hydrogen. Initial activity is not restored but by applying 
the reactifying operation two to four times the life of 
the charge is increased by 150 percent. Activity de- 
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clines slowly after each reactivation and ultimately the 
charge is removed from the converters and regenerated. 


The equipment for plant-scale operation of the hydro- 
genation process is shown in Figures 1, 2, and 3, which 
are skeleton flow diagrams showing only the major 
pieces of apparatus. The principal problem in design of 
the catalytic converters is that of heat removal. To 
facilitate rapid heat transfer the catalyst is placed in 3 
inch diameter vertical tubes, arranged in bundles by roll- 
ing the tubes into end plates, with circulating hot fluid 
maintained around the tubes. The circulating hot fluid is 
maintained at the desired reactor temperature, and is 
led from the reactors through a cooler, with a controlled 
by-pass—maintaining thereby a constant temperature on 
the hot fiuid in the converters. For catalyst formation 
and reactivation, which are carried out at higher tem- 
peratures, a separate hot-fluid circulating system sup- 
plied with a furnace is used. When several converters 
are in use, it is possible to retain some in service while 
others are being subjected to catalyst formation or 
treatment. 


Heat to the hydrogen heater and octene vaporizer is 
supplied directly by means of hot fluid. The hydrogen 
and octene vapors are supplied to the converters at a 
temperature not above 200°C. (392°F.). Heat exchange 
is available and with a single-stage converter the one 
simple heat exchange is that between the converted gas 
stream and the octenes being fed to the vaporizer. Two 
heat exchanges are available in a countercurrent system, 
one on each converter. 

Deterioration of equipment due to corrosion is 
negligible. Due to the low temperatures and pressures 
employed no special alloys or materials are necessary in 
the major pieces of equipment. No parts of the equip- 
ment suffer an abnormal rate of wear or deterioration. 


Operation and control of the hydrogenation system 
are simple. The primary point of control is the unsatura- 
tion of the finished product as determined by titration 
with a weak brominating agent. 

The use of catalyst guard tubes is advantageous for 
sulfur removal and catalyst conservation but normally 
the guard catalysts are not effective in promoting hydro- 
genation themselves. The total feed of hydrogen can be 
introduced into the octene vapors prior to passing 
through the guard tubes, but the large amount of hydro- 
gen is not necessary in effecting sulfur removal. There- 
fore, the major portion of the feed hydrogen may be 
introduced following the guard tube, thereby increasing 
the contact time of a unit weight of octenes in the guard 
tube chamber. As a rough guide, one volume of guard 
catalyst is sufficient for two volumes of active catalyst. 


Some plants include a catalyst tube for hydrogen feed 
to convert traces of carbon monoxide to methane and 
water and to eliminate possibility of nickel-carbonyl 
formation on cold spots in the catalyst bed. Usually 
this is not necessary, and the presence of water is not 
injurious to the active nickel catalyst. Normally, steam 
is used for purging the system of either air or hydrogen. 

The foregoing description is presented through the 
cooperation of Shell Development Company, San 
Francisco, California. 
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Shell Catalytic Polymerization 


BY SULPHURIC ACID 


HE Shell Companies have been producing isooctane 

from isobutylene in commercial scale for some 
time by two methods developed by them. The method 
uses hot sulfuric acid as a catalyst and a portion of 
the normal butylenes is polymerized along with the 
isobutylene. Almost double the yield of octenes is 
obtained from the same fuel stock and these, when 
hydrogenated, have an octane number nearly equiva- 
lent to that of pure isooctane. The feed stocks vary 
in different refineries but a C, fraction containing 
18.5 percent isobutylene and 28 percent normal buty- 
lenes might be chosen as representative of that avail- 
able at a California refinery. 

The original development employed cold sulfuric 
acid and this processing unit is shown in Figure 1. 
It consists of an absorption section and a polymeriza- 
tion section. The liquid hydrocarbon is contacted 
with 60 to 70 percent sulfuric acid at 20 to 35° C. 
counter-currently in two stages. The absorption is an 
equilibrium reaction and the amount of isobutylene 
absorbed depends upon such controllable variables as 
acid strength, acid-to-alcohol ratio in the acid phase, 
and temperature. Under the proper operating con- 
ditions it is possible to absorb up to 90 percent of 
the isobutylene without appreciably absorbing the 
normal butylenes. This cold-acid two-stage process 
has been in use for some time and it still is the most 
suitable method for preparing pure isooctane. How- 
ever, on the basis of total olefins present the yield 
of octanes is relatively low; about 26.7 percent of the 
total olefins in a feed stock containing 46.5 percent 
olefins. Increasing demands for polymer of 98 to 100 
octane number has led to the development of the 
present hot-acid process, in which almost twice the 
yield of octanes is secured from the same feed stock. 

The hot-acid process, therefore, was a direct out- 
growth of the former process. When the temperature 
of the acid absorption reaction is raised, the absorbed 
isobutylene present in the acid phase condenses to 
polymer and this is reabsorbed into the hydrocarbon 
phase. At temperatures above 60° C. this polymeriza- 
tion is sufficiently rapid that the absorbed isobuty- 
lene has only a transitory life in the acid phase, and 
the process is truly catalytic. The net effect is to 
force the absorption reaction to completion by main- 
taining the acid phase in a spent state. Thus it is 
possible to recover all of the isobutylene present. 

Higher temperature also has the effect of reacting a 
portion of the normal butylenes and these are absorbed 
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in the acid layer principally in the form of acid sulfates. 
While the normal butylenes do not polymerize with 
themselves as readily as does isobutylene, in the presence 
of isobutylene they will react rather rapidly to form 
interpolymer. Thus, under proper conditions, it is pos- 
sible to react up to an equal quantiy of normal 
butylenes and isobutylenes, and, as the interpolymer on 
hydrogenation has an octane number nearly equal to 
that of pure isooctane, nearly double the yield of 
polymer is obtained without seriously sacrificing octane 
rating. Hot-acid operation has the further advantage in 
that polymer as formed passes into the hydrocarbon 
phase and is diluted by the inert butanes ; its activity is 
reduced, and there is less opportunity for trimer for- 
mation or re-arrangement to polymers of lower octane 
rating. The result is that the polymer is 95 to 90 per- 
cent octenes as against 75 to 80 percent for the former 
cold-acid process. 

The flow chart of a typical hot-acid catalytic 
polymerization plant is shown in Figure 2. The re- 
actor unit resembles a single stage of the cold-acid 
process. In fact the equipment is largely interchange- 
able. In the plant the fresh feed stock meets re- 
cycling emulsion, and the mixture is then rapidly re- 
cycled through a heat exchanger and time tanks. A 
portion of the emulsion is continuously withdrawn 
to a separator, where the acid is separated and re- 
turned to the reactor, while the hydrocarbon is 
worked up for the polymer. 

The operation of the unit is simple; one operator 
per shift being sufficient. No external heat is re- 
quired, as the exothermic heat of reaction is sufficient 
to maintain the temperature in the reactor. Return 
of acid to the reactor is largely automatic, once the 
rate of flow is established. Present practice is to use 
67 percent acid at approximately 80° C. and a 10 to 
15 minute average contact time is allowed. 

The polymer in the hot-acid system is recovered 
from the hydrocarbon layer. Recovery consists of a 
caustic wash to remove entrained acids or acid sul- 
fates; a flash tower to strip off spent hydrocarbon 
gases, and high temperature treater for further sulfur 
removal. The polymer is rendered stable to distilla- 
tion or it can be added directly to gasoline without 
impairing color or stability. The octene fraction is 
refractionated and hydrogenated under mild condi- 
tions. The product obtained averages 98 to 99 octane 
number. Thus, as previously stated, by hot-acid op- 
eration the yield has been doubled without sacrifice 
of octane number. 

This description is presented through the coopera- 
tion of Shell Development Company, San Francisco, 
California. 


Refiner & Natural Gasoline Manufacturer—V ol. 18, No. 9 











[ 111 — Catalysis | 








dD, “ada ty wa J 
—— — 


Sane 





























'!Acig+7T8A 








Figure |—Cold-Acid lsooctane Plant 


Time Jarks 


{p= J 
tH 





| 
' 














4 


Figure 2—Hot-Acid Polymerization Plant 


SHELL CATALYTIC POLYMERIZATION PROCESS 











‘eptember, 1939—A Gulf Publishing Company Publication 

















Catalytic Polymerization 


Process 





HE U.O.P. catalytic polymerization process pro- 

duces a new kind of high-octane gasolien from 
gases which are a by-product of cracking operations. 
Its utility extends over a very wide range. It is 
profitable for large and small refiners. The largest 
U.O.P. poly unit is processing 27,000,000 cubic feet 
of gas a day; the smallest about 125,000. This infor- 
mation is presented here through the cooperation of 
Universal Oil Products Company of Chicago. 

Midget poly plants have become a factor of great 
importance to the smaller refiners. A number have 
been built in the past two years, or are now under 
construction, to operate in conjunction with Dubbs 
cracking units. They are built at low cost and their 
earnings pay them out very quickly. A poly unit in 
a small refinery was built at a cost of less than 
$10,000 and paid for itself in the first 30 days of 
operation. 

The U.O.P. catalytic polymerization process can 
do four important things for the refiner: (1) Increase 
gasoline production by 2 to 5 percent without in- 
creased crude supply. (2) By blending his output of 
polymer gasoline with part of his Dubbs cracked 
gasoline, he can produce a fuel of premium octane 
rating, which has a high merchandising and adver- 
tising as well as service value. (3) By blending his 
polymer gasoline with all his Dubbs cracked gaso- 
line, the endpoint of his gasoline can be raised 15° 
to 25° F., without decreasing the overall octane 
number. This means increasing his gasoline yield by 
about 2 percent and increasing the capacity of his 
Dubbs units by 10 to 15 percent. (4) If “OQ” gasoline 
is sold the refiner can cut his lead bill by reason of 
the high blending value of his polymer gasoline. 

The yield of polymer gasoline depends on the per- 
centage of heavy olefinic gases, such as propene and 
butenes, in the cracked gas processed. As an example, 
the average yield of this type of gasoline when pro- 
cessing Dubbs cracked stabilized gas is from five to 
six gallons per 1000 cubic feet. However, where the 
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olefinic content of the gas treated is higher, propor- 
tionately higher yields of polymer products are 
obtained. 

Since polymerization is the combination of olefins 
to form larger molecules it is apparent that saturated 
substances (paraffins) do not yield polymers. On the 
other hand, saturated hydrocarbons may be catalyt- 
ically dehydrogenated or cracked to olefins. Thus, 
in order to produce gasoline from normally gaseous 
olefins, one reaction takes place—polymerization. In 
order to produce gasoline from normally gaseous 
paraffins, two reactions take place—one a cracking 
or dehydrogenation, the other polymerization. It 
should be pointed out that to produce olefins from 
paraffins, high temperature must be used, while 
polymerization of olefins is favored by low tempera- 
tures. To crack paraffin gases and polymerize the 
olefins formed calls for opposing reactions, and 
therefore the conditions best suited for olefin for- 
mation are not suitable for the polymerization re- 
action. From a theoretical and practical standpoint 
it is best to produce the olefin gases under optimum 
cracking or dehydrogenating conditions and then 
convert the olefins to liquids under the conditions 
most suitable for their polymerization. The catalyst 
employed in the U.O.P. catalytic polymerization 
process has a long life, it is not impaired by hydro- 
gen sulfide and can be regenerated in place by a 
simple air-burning operation at infrequent intervals 
when and if this is necessary. In the new units re- 
generation is unnecessary. 

A further development of catalytic polymerization 
is the U.O.P. isooctane process which produces 
motor fuel of 96 octane number. This fuel is useful 
in increasing the power output per unit weight of 
motor and as a result is a valued aviation fuel. 

A typical flow chart of the process is shown on the 
opposite page, together with a photograph of a com- 
mercial U.O.P. polymerization plant, the rated ca- 
pacity of which is 500,000 cubic feet per day. 
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U. O. P. Isooctane Process 





COMMERCIAL plant is described which treats 
butane-butene mixtures selectively to polymerize 
the normal and isobutenes contained therein, the 
plant having a daily capacity of 1800 barrels of 
butane-butene fraction, from which is produced 460 
barrels of isooctenes. These isooctenes are catalyt- 
ically hydrogenated to isooctanes, the latter having 
octane ratings of from 93 to about 97, dependent upon 
the conditions under which the octenes are produced. 
Three such units are now operating and more are 
projected. This isooctane process is assuming greater 
importance in view of increasing demand for high 
octane number fuels, particularly aviation fuel. 


The catalytic production of isooctenes from the 
normal and isobutenes present in cracked gases is 
being carried out commercially under relatively mild 
conditions. The isooctenes produced are hydrogen- 
ated into isooctanes with values ranging as stated 
above. These octane ratings can be controlled as a 
function of the percentage of normal and isobutene 
present in the charge and of temperature, and to a 
lesser extent of time and pressure used in polymeri- 
zation. The higher the octane rating, the lower the 
yield of isooctanes per barrel of the butane-butene 
processed. 


The process of producing isooctanes by the cata- 
lytic polymerization reaction (U.O.P. Catalytic 
Polymerization Process), uses as a charging stock 
the butane-butene (BB) fraction from the stabilizer 
producing cracked gasoline of the vapor pressure 
desired. The BB fraction contains 15 percent of iso- 
butene, 30 percent of normal butene, and 55 percent 
of normal and isobutenes. A flow chart of the Iso- 
octane Process is shown on the opposite page 
through the cooperation of Universal Oil Products 
Company, Chicago, Illinois. 

The liquid butane-butene charge is passed through 
a caustic-soda scrubber to reduce the percentage of 
the sulfur components present. The treated material 
is then pumped through a preheater heated by steam 
generated by the process, wherein the temperature is 
raised to about 300 to 350° F., under a pressure of 
about 600 to 800 pounds. The BB fraction then passes 
through a “solid phosphoric-acid” catalyst, wherein 
the exothermic heat of the reaction is controlled by 
boiling water, the temperature of which is controlled 
by varying the steam side pressure, and the desired 
temperature is maintained during the polymerization. 
Dependent upon the time-temperature conditions 
prevailing and the percentage of normal to isobutane 
present in the charge their combination takes place 
in varying proportions. 

The polymer product is then passed to a tower 
where a separation of the polymer and butane is 
made, after which it is fractionated into the iso- 
octenes (dimers) and the dodecenes (trimers). In 
general, the percentage of isooctenes in the polymer 
product is about 88 to 90 percent, the balance being 
trimers. As an example of performance, a 30 percent 
conversion of the above stock to polymer can be 
effected. This is when producing isooctenes on the 
basis of a charge of 1:1 ratio 6f normal to isobutene. 
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The isooctene fraction which boils between 200 and 
260° F., and has an 83 octane number, is hydrogen- 
ated to isooctanes of 96 octane rating. The commer- 
cial unit described when processing 1800 barrels of 
the butane-butene fraction then produces 380 barrels 
of isooctenes and 47 barrels of trimers. The isooctenes 
are converted into isooctanes by catalytic hydro- 
genation. 

The isooctanes being produced commercially have 
a boiling range of 200 to 260° F. and, therefore, are 
not a complete motor fuel as to volatility. They re- 
quire blending with hydrocarbons, such as those of 
the aviation-gasoline boiling range or isopentane, or 
isohexanes, in order to give volatility to the fuel. 

In some cases isopentane is blended with isooctane 
and straight-run gasoline to provide required front- 
end volatility to the isooctane. The volume of isopen- 
tane is generally restricted to about 15 percent. The 
results of blending 96 isooctane fuel, 74 octane avia- 
tion straight-run of 7 pounds Reid vapor pressure, 
and isopentane with 3 cc. of tetraethyl lead to pro- 
duce 100 octane fuel are shown in Table 1. 


TABLE 1 


Composition of 100-Octane Fuel Containing 3 cc. Tetraethyl 
Lead Per Gallon 


Aviation Reid Vapor Pressure 
Isopentane Gasoline Isooctane (Lb. per Sq. In. 
(Percent) (Percent) (Percent) at 100° F.) 
0 38.0 62.0 4.0 
10 be 52.8 5.8 
17 36.7 46.3 7.0 
20 36.4 43.6 7.7 
30 35.7 34.3 9.5 
40 34.9 25.1 11.4 
50 34.1 15.9 13.3 


The importance of isooctane in aviation fuel has 
been established for special uses such as military avi- 
ation and high-revenue transport. It may be readily 
predicted that within a short time all passenger 
planes will be operated with motor fuel of 100 octane 
or higher. The dominant position of polymerization 
in the economy of motor fuel production is also defi- 
nitely established in that small amounts of polymer 
gasoline may be used to correct an octane deficiency 
in the gasoline production of the refinery, and thus 
function to balance the quality of motor fuel pro- 
duced. 

The foregoing is based on a paper “Motor Fuels 
from Polymerization,” by Gustav Egloff, J. C. Mor- 
rell and Edwin F. Nelson, Universal Oil Products 
Company, which was presented before the American 
Petroleum Institute, Division of Refining, November 
11, 1937, and presented in full in The Refiner, Vol. 
16, No. 11, November, 1937, page 497, and on oper- 
ation results obtained since that time. The complete 
paper describes three modifications of the polymeriza- 
tion process: a, polymerization of hydrocarbon gases 
containing propene and butene; b, pyrolitic cracking 
of butanes (and also propane) to produce olefin hy- 
drocarbons followed by catalytic polymerization to 
produce polymer gasoline; c, selective polymeriza- 
tion of normal and isobutene and hydrogenation of 
the resulting octanes into isooctanes, this latter pro- 
cess being chiefly described above. 
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Howard Treating Proce 





HE HOWARD PROCESS is a new development 

in the treatment of light petroleum distillates— 
both cracked and straight run products. It is the cul- 
mination of several years investigative and research 
work carried on by the Petroleum Research Corpora- 
tion, 403 Walsix Bldg., Kansas City, Mo., with re- 
search and development laboratory at 3226 Sand 
Springs Road, Tulsa, Oklahoma. 

In its essence, it is a vapor-phase treating process, 
comprising a single once-through operation which 
depends upon a consecutive series of chemical and 
catalvtic reactions and interactions to efficiently per- 
form the treating functions. The mechanical equip- 
ment is so arranged as to permit the various reactions 
to proceed under conditions favorable for effecting 
those results desired. The following functions are 
effected, namelv: removal of objectional gums and 
gum forming materials ; excellent stabilization toward 
oxidation, and sunlight; production of negative doc- 
tor and negative corrosion; appreciable sulphur re- 
duction ; production of good color and color stability ; 
retention of inherent octane value; appreciable im- 
provement in tetraethyl lead susceptibility ; and, low 
treating losses. . 

Briefly, the process comprises a system wherein 
the raw vapors are first subjected to intimate and 
uniform treatment with chlorine gas; providing for 
removal of any resultant polymerized fractions from 
the vapors; then leading the treated vapors into a 
contact vessel where they intimately contact a solid 
reagent, the active ingredient of which is an oxidized 
form of zinc, metallic zinc, or a mixture of both; and 
finally condensing the vapors. The active ingredient 
in the contact vessel is carried in a solid binder, in 
which it is uniformly dispersed. The contact material 
is a manufactured product of specification materials. 
All heavy end fractions and polymers return to 
a prior point in the plant system where they are re- 
flashed to recover their gasoline content, and the 
heavier fractions pass, respectively, into the gas oil 
and fuel oil. The condensed gasoline is led to finished 
storage. 

Operating temperatures are those inherent to the 
vapors at system pressures ranging between 15 and 
25 lbs. gage. Automatic controls can readily be ap- 
plied where required. Treating is effected with a mini- 
mum of chemical reagent, chlorine consumption vary- 
ing between 0.05 lb./bbl. and 0.25 lb./bbl., while the 
contact bed can be periodically reactivated by simple 
steaming. 

A number of applications of the process are~ per- 
missible and any specific installation is governed 
principally by the type of stock to be processed. 
Cracked distillates of a very refractory nature and 
carrying comparatively high sulphur contents are 
preferably stabilized first to eliminate propane, hydro- 
gen sulphide, and excess butane, before being sub- 
jected to treatment. Milder types of cracked distillates 
lend themselves to processing in direct connected 
units, where the processing unit becomes an integral 
part of the cracking system. Insertion of the treating 
unit between the fractionating column and the con- 
denser, providing for direct-connected operation, is 
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prescribed in the treatment of straight run gasoline. 
The combined gasoline and kerosene vapor cut may 
be treated as a whole, with fractionation and separa- 
tion of the gasoline and kerosene provided for in a 
following tower. Both the cuts will be sweet, non- 
corrosive, and with major reduction of sulphur. 


Many different types of products have been success- 
fully treated. These products include cracked products 
produced from the conventional type cracking proc- 
esses including vapor phase and polymerization units, 
and from stocks originating from a wide range of 
territories. Many straight run products have been 
treated, these ranging from comparatively low to 
comparatively high sulphur and mercaptan contents. 
In the once-through operation the process gives the 
combined results of a gum treatment, a sweetening 
treatment, sulphur reduction, color and gum stabiliza- 
tion, and improved lead susceptibility. 


In the matter of gum removal, gasolines after treat- 
ment show contents of from 2 to 12 mgs. by copper 
dish, but seldom show any gum by glass dish. Differ- 
ent type stocks account for difference in gum content. 
Good stability is secured. The induction period has 
also been found to vary, according to the type of ma- 
terial treated. Vapor-phase gasolines and those pro- 
duced by high temperature cracking show from 6 to 
10 hours induction period, but the average cracked 
gasolines from the conventional types of cracking 
processes show generally higher induction periods, in 
some instances going to as high as 30 hours. The 
long induction period, being indicative of good stor- 
age stability, is of considerable interest to those stor- 
ing finished gasoline for a considerable time period 
prior to shipment. 

All products recovered from the treating unit are 
30 color, and it has been demonstrated many times 
that both cracked and straight run products are ex- 
ceptionally stable to sunlight. No haze, cloud, or 
deposition upon the walls of the vessel occurs after 
many hours exposure. Effective elimination of dele- 
terious sulphur compounds renders the finished prod- 
ucts doctor sweet and non-corrosive, with odor agree- 
ably pleasant and sweet. 

The sulphur reduction is appreciable, averaging on 
all products in the order of 50 percent. The sulphur 
reduction varies, however, with different stocks and 
the general average reduction is 10 percent more on 
straight run products than on cracked products. A 
minimum reduction of 15 percent has been found on 
some products while a maximum reduction of 80 per- 
cent has been found on others. The difference of 
chemical nature of the sulphur compounds in the various 
stocks account for the difference in sulphur reduction; some 
sulphur compounds being readily susceptible to this type 
treating. Numerous determinations have shown that the 


total sulphur reduction is always equal to and usually great- 
er than the mercaptan sulphur content of the raw stock. 


No degradation of the product either as to octane or lead 
susceptibility is occasioned by treatment. On the contrary, 
there is a marked improvement in most cases and the mag- 
nitude of the improvement is tied in with the sulphur reduc- 
tion, and obviously closely related to it. Appreciable econ- 
omies are therefore possible in those\instances where addi- 
tions of tetraethyl lead are used to improve octane. Savings 
on the order of 50 percent are shown on straight run gaso- 
lines, while cracked products show a variation of from as 
low as 10 percent to as high as 40 percent. 
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Lachman Treating Process 





HE Lachman Process for treating gasoline was 
invented by Dr. Arthur Lachman of the Univer- 
sity of California, and was developed cooperatively 
with the technical staff of Richfield Oil Company. 
Fundamentally the process covers the treatment of 
hydrocarbons by intimate contact with maintained 
solutions of metallic salts. The process broadly covers 
such reagents as the sulfates, halides, nitrates, or 
other water soluble salts of aluminum, cadmium, 
cobalt, copper, chromium, iron, manganese, mercury, 
nickel, or zinc. Inasmuch as zinc chloride is quite 
effective and is universally available at low cost, it 
has been generally adopted for use in the Lachman 
process. 


In commercial operations, the process has been 
applied chiefly to the treatment of cracked gasoline. 
The cracked distillate is vaporized and is then 
brought into iatimate contact with the aqueous zinc 
chloride solution in a suitably designed contact tower. 
The zinc chloride, containing the polymerized oils is 
drawn off at the bottom of the tower, the polymers 
are separated and removed, the zinc chloride is 
filtered, diluted to proper concentration and returned 
to the system. Tlie treated vapors pass from the top 
of the contact tower to a neutralizing tower filled 
with lump limestone in which any hydrochloric acid 
formed by hydrolysis is removed, and then to a frac- 
tionating tower for the further removal of polymers 
and adjustment of end point. The vapors are then 
condensed and go to storage. A light doctor treat- 
‘ment is usually necessary to give a sweet product. 
In practice the process can be carried on either 
directly in connection with the cracking unit, treating 
the vapors as they leave the cracking plant bubble 
tower, or in a rerun unit, the choice being generally 
determined by the amount of hydrogen sulfide pres- 
ent in the gases from the cracking plant. If this 
quantity is great, it is usually preferable to condense 
the cracked distillate, remove the dissolved hydrogen 
sulfide by stabilizing or otherwise and then Lachman 
treat on a rerun basis. 

One of the important advantages of the process is 
its extreme flexibility. The ultimate aim of any 
process based on selective polymerization is to re- 
move all of the unstable gum and color forming 
bodies without removing any of the valuable hydro- 
‘carbons. That the Lachman process is highly success- 
ful in doing this is due to the very close control that 
the operator has over treating conditions. The factors 
which influence treating are (1) intimacy of con- 
tact, (2) concentration of the treating medium, (3) 
time, (4) temperature. In the Lachman process, two 
of these factors, intimacv of contact and time, are 
functions of design; the other two, concentration and 
temperature, are functions of operation, at all times 
under the control of the plant operator. Thus, dis- 


—— 
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tillates from gas oil or fuel oil cracking which nor- 
mally require rather heavy treatment and reformed 
or vapor phase cracked distillates which are very 
readily polymerized and require light treatment can 
be handled by the Lachman process to give maximum 
treatment with minimum losses. 


An important advantage of the process is the 
ability to maintain the concentration of the treating 
solution at any desired point. When hot vapors are 
passed through a salt solution, water is driven off 
and the solution becomes more concentrated. In the 
Lachman process the concentration required for 
proper treatment is first determined by experiment 
and can then be maintained reasonably constant. To 
do this it is necessary to control both temperature 
and water-vapor pressure. Where the temperature is 
fixed by other conditions, water-vapor pressure is 
the factor to be adjusted. This can be done by the 
continuous addition of steam to the unit. 


The apparatus used in the process is of the kind 
usually found in any refinery. Any type of pipe still 
may !». used for a source of heat in the rerun type of 
operaten, The contact tower must be designed to 
give intimate mixing of the vapors and zinc chloride 
solution and proper time of contact. Mixing is accom- 
plished either by the use of tower packing, slotted 
plates, or bubble caps. Due to the corrosive nature of 
hot, concentrated zinc chloride solutions, the contact 
tower ts usually lined with acid resisting brick. Any 
type of chemical tile may be used for packing and 
corrosion resisting metal is employed for the mixing 
plates or bubble caps. Brass or bronze has been found 
satisfactory for this purpose. The neutralizing tower 
is simply a steel shell, brick lined. A grid is placed in 
the bottom to support the limestone which is added 
through the top manhole as required. The final frac- 
tionating tower is of standard design. The equip- 
ment used for recovering the zinc chloride solution 
consists of ordinary steel settling and dilution tanks 
and a filter of any standard type. 

The process has operated successfully on distillates 
from nearly every commercial cracking or reforming 
process, including vapor phase, viscosity breaking, re- 
forming, gas oil cracking, etc. Units of the process 
have been installed in the United States, Canada, 
France, Germany, Roumania, and British South 
Africa. 

In general the process operates to produce a 
cracked distillate of low gum, good color and excel- 
lent color and gum stability. The octane rating of 
the gasoline treated is not affected. The process has 
some effect on sulfur reduction, depending on the 
form in which the-sulfur is present, mercaptan sulfur 
being more readily removed than other forms. The 
process is licensed to the industry by Richfield Oil 
Corporation, Richfield Bldg., Los Angeles, California. 
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Pereo Copper Sweetening Processes 





ARIOUS methods of treating gasoline with reag- 
ents comprising compounds of copper have been 
suggested for many years and those enjoying present 
widest commercial acceptance are those which have been 
made available through the licensing activities of Perco, 
Incorporated, Bartlesville, Oklahoma, and its various 
licensing representatives; namely, Process Manage- 
ment Company, 120 E. 41st Street, New York, N. Y.; 
The Lummus Company, 411 W. 5th, Los Angeles, Cal- 
ifornia; and Foster Wheeler, Ltd., Aldwych House, 
Aldwych London, W. C. 2, England. There are in 
operation and under construction more than 90 installa- 
tions distributed among 44 Perco licensees in the United 
States, Canada, South America, Europe and Africa. 
The processes take advantage of the oxidation of 
mercaptans by cupric chloride, and the subsequent re- 
generation of the copper chloride with oxygen as shown 
by the equations: 


in the absence of air and the copper regenerated in a 
separate tank. The oxidizing power of the solution is 
controlled to prevent side reactions with unstable hydro- 
carbon constituents. Stocks treated with the copper 
solution are given a final sodium sulfide wash to give 
color and gum stability, by removing minute traces of 
copper which are present in the treated oil. 

The simplified flow diagrams on the opposite page 
illustrate the two methods. In either process, if the gaso- 
line to be sweetened contains hydrogen sulfide or free 
sulfur, these compounds are removed by a caustic wash- 
ing step prior to the sweetening operations. If hydro- 
gen sulfide and free sulfur are not present, as is often 
the case, this step may be omitted. 

In the Perco solution process, the gasoline is con- 
tinuously treated by contacting with the treating solu- 
tion in a centrifugal pump. The mixture of copper solu- 
tion and sweetened gasoline passes to a separating tank, 


(1) 2RSH +2CuClL ——» RSSR + 2CuCl + 2 HCl 
Mercaptan + Cupric —— > Disulfide -+ Cuprous + Hydrochloric 
Chloride Chloride Acid 
(2) 2CuCl + 2HCI1 + %¥O —— > 2CuCi + #£2+4H:0 
Cuprous + Hydrochloric + Oxygen ——» Cupric + Water 
Chloride Acid Chloride 
(1) + (2) 2RSH + %O:. ——> #RSSR + 4H:0 


Mercaptan + Oxygen —— > Disulfide + Water 


As shown by the equations, one of the advantages of 
the process is the theoretical absence of chemical con- 
sumption in the sweetening step. In practice it is neces- 
sary only to make up mechanical losses of the treating 
solution, and chemical costs have frequently been re- 
duced to less than 10 percent of the expenditure re- 
quired by the older methods. Other operating charges 
are reduced, particularly labor costs, because of the 
simplicity of the method. 

The elimination of gasoline loss, due to treating in a 
closed system and complete separation from the treating 
solution, contributes substantial savings. Probably the 
most important item is the improvement in quality of 
the copper treated product. The usual loss in octane 
number incurred in sweetening with lead compounds is 
eliminated, with consequent savings in tetraethyl lead 
requirement. The product is also more responsive to 
gum inhibitors, if these are used; without gum inhib- 
itors the various gum tests are usually improved. The 
product is unusually stable when exposed to sunlight, 
with respect to both color and to corrosion test. All of 
these effects are due to the absence of the deleterious 
higher alkyl polysulfides (trisulfides, tetrasulfides, etc.) 
to which the mercaptans are partially converted, along 
with the desired disulfides, in other sweetening methods. 
Copper sweetening can form only the disulfides, since 
no additional inorganic sulfur is present in any form 
during the reaction. In the treatment the sulfur content 
is, of course, unchanged. 

The Perco process is applicable to any stock requiring 
sweetening and is especially suitable for those of a very 
sour nature since these are handled with only a slightly 
higher cost due to increased air requirements. This 
method of sweetening is applied in two ways; if the 
stock to be treated is sufficiently stable to color and 
gum when treated in presence of air, it is mixed with 
the necessary air and filtered through a bed of absorb- 
ent material impregnated with the copper reagent ; other 
stocks are continuously treated with the copper solution 
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from which the used copper solution is continuously 
withdrawn to the regenerating tank where it is regen- 
erated with a controlled amount of air to give the de- 
sired oxidation potential. The maximum efficiency of 
the air is obtained by diffusers, as illustrated. The re- 
generated copper solution overflows to a solution stor- 
age tank and is then recycled. The sweetened gasoline 
is continuously withdrawn from the top of the separat- 
ing tank and is given the final stabilizing wash, set- 
tled, and passed to finished storage. In the solid proc- 
ess, the stock free of hydrogen sulfide is mixed with 
a predetermined quantity of air, which is dissolved in 
the gasoline, filtered through the reagent and passed 
to finished storage. 

In the Perco solution process all equipment in contact 
with the copper solution is constructed of corrosion re- 
sisting material, as the solution is corrosive to iron or 
steel. In the solid process ordinary materials are used 
throughout. 

Due to compactness of equipment and relatively small 
size for a given throughput, the total installation costs 
are low even though part of the equipment is relatively 
expensive. The cost of a Perco Copper Sweetening unit 
is approximately that of the older types used. 

The following example of liquid treatment of a 
cracked distillate having a 170-400° F. boiling range and 
53° A.P.I. gravity is.typical of results obtained in com- 
parison to doctor treating. 


Doctor Perco 
Sour Treated Treated 

eee, PUMPING oe ace boo we as +2 —5 +2 
| ar 0 —16 +1 
Octane Number 

Weitmeet 1690 oon se cc. ke: 62.9 61.9 62.9 

RMN ESA ee a vs 68.5 67.8 68.5 

Sy ak tS Saree apart 71.7 71.0 71.7 
Induction Period, Min. 

Without inhibitor ........ 130 130 180 

With 0.002% inhibitor.... 320 190 415 

With 0.004% inhibitor.... 485 305 640 
PE ae eR i ak 2.6 0.4 0.0 
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Strateo PbS Sweetening Pr 





HE Stratco PbS Process is an improved method of 

sweetening all types of straight-run or cracked sour 

gasolines in a most economical manner. This Process is 
continuous in operation and it consists of intimately contacting 
the sour gasoline with preformed, dense ar1 quick-settling lead 
sulfide which is suspended in a strong caustic soda solution. To 
this mixture is fed a very small, positively regulated quantity of 
air, continuously, for the purpose of activating the PbS Reagent ; 
also, a sufficient quantity of sodium sulfide solution is continu- 
ously fed to the mixture for the purpose of precipitating color 
bearing, or color forming, lead salts formed in the PbS Reagent 
during the sweetening operation or lead salts which may be in 
solution in the oil. The PbS Reagent is thus kept in desirable 
chemical balance and the sweetening operation is accomplished 
as a catalytic oxidation under controlled conditions such as to 
avoid the formation of substantial quantities of undesirable 
chemical compounds (thiosulfates, etc.) and consequent loss of 
treating chemicals. 


The chemicals required for the PbS Process are: 


1. Sodium Sulfide Solution. 

2. Strong Caustic Soda Solution. 

3. Plumbite Solution. 

& Ar | 

(a) The sodium sulfide solution is required in order to bring 
about the precipitation of all soluble lead compounds dissolved 
either in the oil under treatment or accumulating in the PbS 
Reagent, into the form of dense, pulverulent lead sulfide. 

(b) Strong caustic soda solution is required to maintain the 
proper active quality of the PbS Reagent, i.e., principally to 
compensate for the progressive dilution of the initial strong 
soda solution, owing to the formation of water during the 
sweetening chemical reactions. 


(c) Plumbite solution is necessary in order to compensate 
for the loss of small quantities of lead which may be mechani- 
cally lost during the sweetening operation, or during the wash- 
ing of the PbS Reagent. It is to be especially noted that there 
is no chemical consumption of lead in any form involved in the 
PbS sweetening process. 


Chemical Reactions—The chemical reactions shown are gen- 
erally accepted in the petroleum industry as being representative 
of the reactions which occur in doctor sweetening and doctor 
regeneration. Those shown relating to PbS sweetening are not 
so well defined, as in doctor sweetening, but they do indicate 
one reasonable explanation of the total overall reaction. 


Plumbite Method 


1. PbO + 2NaOH _ Na:PbO: + H:O 

2.2RSH + Na:PbO, —> (RS):2Pb-+ 2NaOH 

3. (RS):Pb +S —> RS; + PbS 
Doctor Regeneration 

4. 2PbS +20, > PbS:0; -+ PbO 

5. PbS:Os +4NaOH —-> Na:PbO:+-Na.S;0; + 2H:0 

6. PbO +2Na0H _ Na:PbO: + H:O 
PbS Process 

7. PbS +%0O: —> PbO +S 

8. PbO + 2Na0OH —_ Na:PbO. + H:0 
9.2RSH + Na:PbO: <P (RS)2Pb + 2NaOH 
10. (RS),Pb +S we 5 RS: + PbS 


Upon examination of this series of reactions, it is seen that 
the lead sulfide acts substantially as a catalyst which enters 
into the reaction and is regenerated and that the net reaction 
of the series is one of oxidation as follows: 


1l1.2RSH +¥%Os, ne RS: 


Advantages of PbS Process 


. Minimum Chemical Costs 

. Negligible Losses of Gasoline 

Least Octane Degradation 

Often Improves Lead Susceptibility 

. Eliminates Use of Sulfur 

. Best Color Retention 

. Continuous and Automatic Operation 
. Unusually Low PbS Plant Cost 

. Conversion Doctor Plants Inexpensive 
10. Sweetens All Gasolines 

11. No Corrosive Chemicals Used 

12. Proven by Large Commercial Operation 


The Stratco PbS Sweetening Process is remarkably eco- 
nomical, as compared to conventional doctor sweetening, and 
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it is chemically more desirable and advantageous for the follow- 
ing reasons: 


1. No Sulfur Added for “Break”—Sodium sulfide is added 
instead of sulfur in performing PbS sweetening, therefore, the 
sulfur content of the sweetened gasoline is not increased over 
its original sulfur content in the unsweetened condition, and the 
difficulties of regulating sulfur feed are removed. 


2. “Black-Strap” Emulsions Elimimated—No _non-settling, 
flocculent lead sulfide is formed by the PbS process. In other 
words, the PbS sweetening process is entirely free of so-called 
“Black-Strap” emulsion which is such a stable emulsion as to 
always give difficulty in its separation, as in the case of doctor 
sweetening. All lead sulfide, in suspension in the PbS Reagent, 
is of a dense, quick-settling, pulverulent character which, in no 
case, causes the formation of troublesome oil-reagent emulsions. 
Such oil-reagent emulsions as “Black-Strap” are the chief cause 
of the loss of much sweetened gasoline during the separation 
of spent doctor solution. Further, “Black-Strap” emulsion must 
be continuously: removed, separated, and regenerated, which 
leads to high accumulated losses of chemicals and gasoline. 


3. Gasoline Losses—The loss of sweetened gasoline by the 
PbS process is negligible; hence, one of the most serious 
sources of gasoline loss now suffered by refiners who use doctor 
sweetening, is wiped out. The PbS process permits the highest 
net recovery of sweetened gasoline to be easily maintained. 
Briefly, the only loss of gasoline that can occur during normal 
PbS sweetening operation is substantially that of evaporation 
from run tankage. 

4. Tetra-Ethyl Lead Requirements—The PbS process makes 
possible maximum conservation of original octane number of 
gasoline being sweetened. This materially reduces the quantity 
of Tetra-Ethyl Lead required to fulfill finished gasoline speci- 
fications. These savings normally range from 0110 to as high as 
0.50 cc of T.E.L. per gallon of gasoline. Since no “free sulfur” 
is used in the process the deleterious effect of such sulfur in 
any form on octane number is completely avoided. 

5. Inhibitor Susceptibility—The addition of excess sulfur dur- 
ing the sweetening operation increases greatly the quantity of 
inhibitor required for a given induction period. It is possible 
by the PbS process which uses no sulfur to reduce inhibitor 
requirements as much as 50% for equal induction periods. 


6. Regeneration PbS Reagent—The regeneration of PbS 
Reagent consists of the removal from the PbS of a film around 
the particles made up principally of phenolic or naphthenic bodies 
by means of washing same with hot water. This washing of PbS 
Reagent is easily accomplished without loss of chemicals. 

The frequency with which PbS Reagent requires washing, 
as just indicated, naturally depends on the content of the foul- 
ing bodies in the sour gasoline treated and, to some degree on 
the content of mercaptan sulfur in the sour gasoline. It is usually 
necessary to wash PbS Reagent at intervals varying between 
approximately two and four weeks of continuous operation. 


7. Automatic Operation—The operation of the Stratco PbS 
process is continuous and automatic. Consequently, the consump- 
tion of chemicals in this process can be readily held at a minimum 
and its chemical control reduced to the utmost simplicity. 


8. Operators and Utilities—The PbS process requires the 
same number of operators as the doctor sweetening method for 
its satisfactory operation. 

The cost of all utilities required by the PbS process is 
materially less than for doctor sweetening. No air is required 
for PbS Reagent regeneration and but little steam. In contra- 
distinction, the cost of steam and air required for the regenera- 
tion of “Black-Strap”-has often been found to be nearly equiva- 
lent to the cost of chemicals required. Such a large reduction in 
the costs of these items represents a substantial saving. 

9. Conversion of Existing Doctor Plants—It will be noted 
from the flow sheet of the PbS process that existing doctor 
sweetening plants can be converted to the PbS process cheaply 
and without difficulty. In practically all cases most of the 
equipment can be utilized in making the conversion of existing 
doctor plants into PbS sweetening plants ‘when desired. 

10. Kerosene Sweetening—The PbS sweetening process is 
adaptable with excellent efficiency to the sweetening of kerosene 
distillates, furnace oils, and gas oil. 

This description is furnished through the cooperation of the 
Stratford Engineering Corporation, Dierks Building, Kansas 
City, Missouri. 
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Absorption Oil Refrigerating System 


INCE weather conditions in many sections of 

the country are of such character that atmos- 
pheric cooling can not be carried sufficiently low to 
obtain best efficiency, outside means are being em- 
ployed to create lower temperatures. A typical ap- 
plication of absorption oil refrigeration, adapted to 
a gasoline plant which has been in operation for some 
time, is that of the Fittstown, Oklahoma, plant of 
J. E. Crosbie, Inc., where difficulties were encoun- 
tered in recovering all available gasoline fractions 
when operating at natural, normal temperatures ob- 
tained with cooling water. Investigation of the older 
types of gasoline plant refrigeration and of the mod- 
ern methods of temperature reduction in refineries 
was responsible for the process now employed. 

The completed refrigeration unit, as it now stands, 
is the result of experimenting. The first series or sec- 
tion of heat exchangers installed had a total of 2052 
square feet of exchanger surface, which proved in- 
sufficient to secure the desired absorption oil tem- 
perature. Therefore, two additional series of ex- 
changers were installed, one group totaling 1830 
square feet and the second group having 2808 square 
feet of exchanger surface. Engines in the compres- 
sor room were fitted with 13% inch compression 
cylinders, using both sides of one twin engine and 
one side of a second engine, which was sufficient 
capacity to handle the 3,000,000 cubic feet of com- 
bined propane-butane vapors daily. 


The absorption oil, pumped through the usual type 
of atmospheric cooling sections is reduced in tem- 
perature to an average of about 95° F., depending 
on weather conditions. The flow is then through the 
two groups of exchangers mentioned above, and in 
parallel. As the split stream leaves these two sections 
it is joined and flows through the third section of 
exchangers with 2052 square feet of surface. The 
object in splitting the flow in this manner is to ob- 
tain first shock cooling in the parallel units and com- 
pleting the temperature reduction in the third group 
of exchangers. This practice secures a reduction of 
absorption oil temperature of about 35° F., or an 
absorber inlet temperature. of about 60° F. The flow 
sheet on the opposite page gives details of this type 
of hook up. Several arrangements may be used for 
outside refrigeration systems, and new plants now 
going in are often designed for refrigeration of ab- 
sorption oil inside of the absorbers. Some of these 
systems are described in a special article in The 
Refiher. 


Refrigeration material available in this plant is a 
rough: cut from the plant stabilizer which consists 
of a varying mixture of propane and butane, depend- 

x 
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ing upon the grade of gasoline being produced. 
Pressures around 125 pounds discharge are required 
to liquefy the refrigerant which is carried in a closed 
circuit. The intake on the compressors ranges from 
5 to 7 pounds gauge. 

Flooded exchanger surface is maintained while 
reducing temperature of the absorption oil through 
the use of a receiver, or volume drum placed above 
each section of the coolers. These drums are 
equipped with liquid level controls, which operate 
controlled valves in the propane-butane supply lines 
leading from the accumulator drum to the lower side 
of each group of exchangers. The exchanger sections 
are stacked in the customary manner with conven- 
tional oil connections, but they have refrigeration 
liquid connections placed at several points on the 
lower side to secure equal distribution without dry 
pockets. The outer side of each bank of exchangers 
is equipped with a 6 inch relief line to insure unob- 
structed flow of vapors from section to section and 
to the volume drum above the exchangers. 


A common suction line which carries vapors from 
each of the three volume drums is led through a 
liquid scrubber to protect compressor cylinders, with 
pressures averaging from 5 to 7 pounds gauge. The 
vapors are compressed to about 125 pounds, cooled, 
and liquefied in atmospheric sections and accumu- 
lated in a common receiver from which a main line 
leads to distribution at the chillers. 


Since the plant is not equipped with a secondary 
stabilizer to fractionate a relatively pure butane cut 
for refrigeration, and the rough overhead is used, 
this product contains relatively small amounts of 
heavier hydrocarbons which are not liquefied as 
readily as the lower boiler fractions. At intervals 
the refrigeration system is purged by venting the 
liquid to the stabilizer charging pumps to recover the 
heavier fraction. A fresh charge of propane-butane 
is then placed in the refrigeration system which is 
satisfactory for several months operation. 


The efficiency of this unit has been definitely 
proven by diverting absorption oil from atmospheric 
coolers to the absorbers without chilling. With all 
other conditions remaining normal, such as volume 
of gas, circulation of definite volumes of oil over 
the absorbers, it is found that plant efficiency is 
improved about 20 percent through the use of the 
refrigeration system. 


KEY TO DRAWING 


1—Six, 10 inch chillers, 1830 sq. ft. 
2—Six, 12 inch chillers, 2808 sq. ft. 
3—Four, 10 inch and twelve 10 inch by 5 feet chillers, 2052 sq. ft. 
4—Vapor tanks above chillers equipped with liquid level controls. 
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“Aleo Super-Fractionation Processes 








HE widespread interest in refinery technology 

development embraces not only cracking and 
lubricant production but also special fuels and 
chemical products. Among the important processes 
is the ALCO process for separating close boiling 
hydrocarbons by distillation under pressure. Almost 
all the newer motor fuels pass through a stage in 
their manufacture where exceedingly efficient frac- 
tionation must be employed to separate either 
isomeric compounds of superior characteristics or 
other hydrocarbons not wanted in the desired prod- 
uct. High octane gasolines, chemical solvents, blend- 
ing agents and chemical intermediates are products 
which require more than ordinary distillation to 
purify or concentrate them. As an example, modern 
aviation engines require very exacting distillation 
range and high octane fuels. These fuels are usually 
blends of isooctane, straight run (naphthenic) gaso- 
line and isopentane, the latter product being a much 
desired one for the purpose. Since the normal pentane 
is always associated with the desired isopentane, it is 
highly necessary to separate the poor octane value 
normal from the high octane isopentane. The octane 
value of the iso is 90-91 ASTM method which makes 
it a highly prized product. 

The same type units are also being installed for 
the analogous problem of separating the iso and nor- 
mal butanes; propylene-propane and for the segre- 
gation of butylene-butane. Normal butane is above 92 
in octane value and is of a lower vapor pressure than 
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the isobutane. The isobutane is now in demand as a 
raw material for alkylation and for the manufacture 
of butylene by dehydrogenation and the separated 
normal butane is in demand for winter grade, high 
volatility gasolines. 

OPERATION OF PENTANE FRACTIONAT- 
ING UNIT—The diagram (figure on opposite page) 
indicates the flow through a plant designed for this 
purpose. The charge is pumped through the feed 
heat exchangers and discharged into the fractionator 
tower. The gross overhead passes through the reflux 
condenser where the reflux is liquefied by partial con- 
densation and the net overhead flows to the final con- 
denser. Since a high reflux ratio is required for the 
proper fractionation, the reflux is condensed at a 
comparatively high temperature and only the iso- 
pentane product requires subcooling. This procedure 
effects a large saving in condenser surface. 

The feed and reflux are maintained at constant 
rates of flow by controller-recorders ; the end boiling 
point is controlled by a temperature controller- 
recorder. This instrument resets the reboiler tempera- 
ture controller to satisfy the fixed top temperature. 
A special method of control is utilized to keep a uni- 
form pressure on the fractionating system since the 
isopentane product is totally condensible. Extreme 
care must be exercised in operating units of this type. 

The foregoing description of super fractionation 
processes has been presented here through the co- 
operation of Alco Products Division, American Loco- 
motive Company, 30 Church Street, New York, N. Y. 
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Blending Stock Preparation Unit 


FOSTER WHEELER 


NE HUNDRED - OCTANE aviation gasoline is 
usually prepared by blending about 50 percent of 
70- to 76-octane, straight-run gasoline with 40 percent 
of commercial iso-octane, 10 percent of iso-pentane and 
a small quantity of tetra-ethyl lead. Gasoline that is suit- 
able for processing to 70-76-octane blending medium 
may be obtained from a number of sources but non- 
uniformity of the various gasolines requires consider- 
able flexibility in the equipment for the production of 
the blending stock. The general arrangement of debu- 
tanizer and rerun units that meet these requirements is 
indicated in the accompanying flow diagram, present- 
ed through the cooperation of Foster Wheeler Cor- 
poration, 165 Broadway, New York, N. Y. 
Straight-run gasoline is first processed in a debutan- 
izer in which the undesired propane and excess butane 





are withdrawn overhead. Bottoms from the debutanizer 
are split into two streams. One is pumped through a 
heater which vaporizes the lighter fractions to perform 
the stripping function in the lower section of the tower. 
The other stream, which ultimately forms a part of 
aviation gasoline, is piped to a surge drum. This drum 
“floats on the line” at the bottom of the debutanizer and 
receives, by gravity, any hot liquid that is not pumped 
through the reboiler. The surge drum performs two 
functions: 


(1) A quantity of liquid is constantly available for 
pumping through the heater tubes to prevent overheating. 


(2) Surge capacity is provided for subsequent inter- 
mediate treating operations. The debutanizer bottoms 
leaving the surge drum are cooled by the incoming 
charge, and processed in a treating plant. 


The debutanized gasoline is then processed in a rerun 
unit to produce a cut of the required boiling range. 
It is preheated by the tower botioms and then passed 
through the radiant section of a heater where extreme 
care is taken to avoid overheating the charge because of 
color specifications. From the heater, the debutanized 
gasoline is charged directly into the rerun tower. 


In order to assure adequate stripping in the lower 
section of the tower, part of the bottoms are circulated 
through the convection section of the heater which 
serves as a reboiler. The vapors that are liberated, to- 
gether with the stripping steam, make the unit capable 
of producing the maximum volume of desired blending 
stock. The net stripped bottoms are pumped through the 
heat exchanges and coolers to storage for ultimate use 
in general refinery gasoline. 


Overhead from the rerun tower is totally condensed 
and collected in a reflux tank. Part of it is returned to 
the top of the tower as reflux to control the end-point. 
The remaining overhead product is the desired aviation 
gasoline blending medium which is pumped to storage 
for ultimate mixing with iso-octane and iso-pentane. 


Requirements for steam are reduced to a minimum 
and it is used only for stripping in the rerun tower. 
Special precautions are taken for the protection of con- 
densers handling corrosive stocks by using monel metal. 
A high degree of safety is provided by the closed system 
for blowdown from pressure vessels and for certain 
relief valves, so that hydro-carbon vapors and liquids 
may be discharged to a remote point with maximum 
safety to operators and surrounding equipment. Re- 
maining relief valves are vented into the atmosphere 
high above adjacent equipment. 
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Specialty Absorption Process 





90% PROPANE SEGREGATION FROM GASES 
FOSTER WHEELER 


HE last few years have indicated a greatly in- 

creased demand for products of the petroleum 
industry in fields of general chemistry and involving 
the segregation of a greater percentage of certain 
compounds with a high degree of purity. This trend 
has brought about the development of special absorp- 
tion and fractionation equipment. 

A representative absorption unit for the production 
of liquid propane and liquid butane in a commercially 
pure state is illustrated in the accompanying arrange- 
ment drawing presented through cooperation of 
Foster Wheeler Corporation, 165 Broadway, New 
York, N. Y. It is recognized that an absorption plant 
may easily be designed to absorb propane and butane 
from a given gas charge and to deliver a relatively 
pure product but it is not simple to absorb 90 per- 
cent of the total propane in the gas economically and 
to deliver it as a liquid with the same high degree 
of purity. 

One of the chief difficulties to be overcome lies in 
the fact that the degree of selectivity decreases as the 
percentage of absorption increases. In order to main- 
tain sufficient selectivity in the absorption process it 
is necessary to eliminate a substantial part of the 
methane and ethane from the enriched oil at an early 
stage in the process. Due to this phenomenon of 
progressively decreasing selectivity, it has only re- 
cently been found commercially practicable to obtain 
90 percent propane segregation without resort to sub- 
atmospheric temperatures. However, the unit de- 
scribed herewith delivers this proportion of the pro- 
pane as well as 100 percent of the heavier con- 
stituents. 

The charge consists of gases from cracking units 
which enter the absorber below the bottom tray and 
pass up through a series of bubble trays. Ninety per- 
cent of the propane and 100 percent of the heavier 
constituents are removed from the incoming gases 
and absorbed in the lean oil that flows downward 
over the trays. The gases that are not absorbed, in- 
cluding a small quantity of propane together with 
methane and ethane, are taken overhead from the 
top of the absorber for fuel gas in the refinery system. 
Loss of this propane from the process is unavoidable 
in practice because of the necessity of maintaining 
selectivity and restricting the degree of absorption. 
The process of absorption is accompanied by the 
generation of considerable heat, which must be ex- 
tracted in order to keep the temperature of absorp- 
tion within the desired range and to minimize the 
lean oil requirements. This is accomplished by an 
inter-cooler. 

After being enriched by the addition of over 90 per- 
cent of the propane and all of the heavier constitu- 
ents, the absorption oil is passed from the bottom of 
the absorber into a demethanizer tower. Here, most 
of the remaining methane and a considerable amount 
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of the ethane are stripped out and recycled to the 
absorber. A reboiler at the bottom of the demethan- 
izer furnishes the stripping vapors for this tower. 


From the bottom of the demethanizer tower, the 
demethanized rich absorption oil is conducted into 
the center section of a stripping still. A reboiler at the 
bottom of the still furnishes stripping vapors for 
denuding the rich absorption oil of the absorbed 
fractions. The denuded oil from the bottom of the 
still is recycled to the top of the absorber and used 
over again as an absorption medium. Gasoline is 
distilled overhead, condensed, and recovered in a 
gasoline receiver. Part of the gasoline is sent to the 
top of the still for refluxing purposes. Non-condens-- 
able gases which are relatively small in quantity are 
recycled from the gasoline receiver back to the 
absorber. 

The net gasoline yield is charged from the gasoline 
receiver directly into a depropanizer. A reboiler fur- 
nishes stripping vapors for removing all of the pro- 
pane and lighter constituents. These vapors are 
passed overhead, condensed and collected in a pro- 
pane receiver. Part of the propane distillate is re- 
turned to the top of the depropanizer as reflux. 


The net overhead product of propane and lighter 
fractions is pumped from the propane receiver into 
a de-ethanizer tower. Stripping vapors for eliminating 
the ethane from the propane are obtained from a 
reboiler at the bottom of the de-ethanizer. The 
ethane in the charge and a very small amount of 
propane is distilled overhead and enough is con- 
densed and collected in a drum to furnish adequate 
reflux in the tower. Non-condensable gases including 
all of the methane and ethane remaining up to this 
point, as well as a slight amount of propane, are dis- 
charged from the reflux drum into the refinery fuel 
gas system. The bottoms product from the de-ethan- 
izer tower consists of commercially pure liquid 
propane and is conducted to storage. 


The butanes and heavier components that are con- 
tained in the original charge are carried through the 
system with the lighter fractions as far as the de- 
propanizer. They remain in the depropanizer bottoms 
after the propane and lighter constituents have been 
carried off overhead and are fed into the middle of a 
debutanizer tower. A reboiler in the bottom of this 
column furnishes stripping vapors for distilling off 
the butane. The bottoms from the debutanizer tower 
consist of debutanized gasoline that may be blended 
into the general refinery production. The overhead, 
consisting of butane, is condensed and collected in 
a butane receiver. Part of this product is returned to 
the top of the tower as reflux. The remaining net 
overhead yield, consisting of all of the butane con- 
tained in the original charge, is then sent to storage 
as commercially pure liquid butane. 

In this manner complete segregation of commer- 
cially pure propane and butane is accomplished with 
a yield of 90 percent of the propane, as well as 100 
percent of the butane, contained in the charge to the 
absorption process. 
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Gas Recycling Process 


DISTILLATE RECOVERY 


HE distillate extraction plant and gas pressure 
maintenance system in its general scheme in- 
volves cooling the gas and the distillate mixture 
which comes from the wells, separation of the distil- 
late from the gas at as high a pressure as possible, re- 
turn of the separated gas to the producing formation 
by compression, and stabilization of the separated dis- 
tillate to a product of around 10-pound Reid vapor 
pressure. This is the practice of the Corpus Christi 
Corporation at its plant in the Stratton field, Nueces 
County, Texas; this plant being erected by Parkhill 
Wade, Inc. and Stearns-Rogers Manufacturing Com- 
pany and this description is presented here as a 
digest of a paper presented by Henry N. Wade, be- 
fore the Refinery Division, Oil-World Exposition, 
Houston, April, 1939, under the title “Control Prac- 
tices in Processing Natural Gas.” The complete 
paper appeared in The Refiner, Vol. 18, No. 6, June, 
1939. At this plant and in order to prevent hydrate 
or freezing obstruction in the high-pressure part of 
the system, arrangements are provided to inject 
calcium chloride into the incoming gas. This brine 
is separated from the distillate just ahead of the 
stabilizer, is. reconcentrated, and used continuously. 
The main gas flow as shown in the flow diagram 
presented on the opposite page, is from the produc- 
ing wells, through atmospheric coolers, water sepa- 
rator, heat exchanger, and pressure reducing valve 
to the.separator. From the separator the gas passes 
back through the other side of the exchanger, direct- 
ly to the suction of the pressure maintenance com- 
pressor, and thence to the return or injection wells. 
A back-pressure regulator, normally responsive to 
the wet gas pressure at the plant inlet, serves to 
blow excess gas to the air in the event part or all 
of the compressors are shut down, until the neces- 
sary producing well adjustments can be made, ,re- 
storing normal pressure conditions at the plant inlet. 
The distillate flows from the separator through 
three stages of weathering under controlled pressure 
in tanks. In the last tank the brine is settled out and 
run off to the reconcentration system. The stabilizer 
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charge pump takes suction from this last tank in 
the series of three. A temperature recorder-controller 
can by-pass a small amount of hot gas around the 
coolers and exchangers, so as to maintain the exact 
desired temperature in the sepator. 

The elements of this process are very simple and 
conventional, but it is thought that two of the safety 
provisions included warrant discussion. The first of 
these is the arrangement for protecting the com- 
pressors against liquid carry-over from the separator, 
in case a stoppage should occur in the distillate drain 
from it. The float in the séparator operates a throt- 
tling type pilot, which delivers a variable pressure 
to its controlled valve according to the position of 
the float. The liquid valve on the separator is de- 
signed to open wide when the pressure on its dia- 
phragm reaches, say, 5 pounds per square inch; 
which corresponds to normal high level position of 
the float. If the level should continue to rise, the 
float pilot will deliver an increasing pressure into its 
controlled pilot line; this increase serves to shut 
down the compressors. 

The other safety arrangement in the plant is the 
provision of three emergency shut-down stations, 
from any one of which an operator, by simply turn- 
ing a lever, can shut off all gas supply into the plant, 
blow down the pressure in the plant system, and shut 
down the compressors. It was felt that such arrange- 
ments were desirable on account of the high pres- 
sures and large volumes being handled; the volume 
averaging around 50,000,000 cubic feet of gas daily, 
and the pressure ranging up to 1800 pounds on the 
suction and 3000 pounds on the discharge of the 
compressors. The manual emergency shut-down can 
be operated from any one of three stations, one of 
which is located in front of the plant office, another 
in the yard near the auxiliary building, and the third 
on the instrument panel in the compressor house. 
The operation of any one of these emergency valves 
almost instantly isolates the plant from the gather- 
ing and return pipe systems, shuts down the com- 
pressors and blows down pressure within the plant 
through two, three-inch valves in parallel. The pur- 
pose of the system is, of course, to protect the plant 
from destruction which might result from a minor 
initial accident which wouuld give time for operation 
of the.protective system. 
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Low Temperature Recovery Process 








HE recovery of natural gasoline from field gases 

may be accomplished efficiently and economically 
by the new refrigeration method recently developed by 
The M. W. Kellogg Company, 225 Broadway, New 
York, N. Y. 

Detailed knowledge of the physical properties of hy- 
drocarbons at varying low temperatures and pressures, 
derived from extensive laboratory research and actual 
operation of thermal polymerization plants, has enabled 
the successful application of the process. 

The accompanying flow sheet, typical of the process 
design, is indicative of the simplicity of the operation 
which embodies three main steps: dehydration and re- 
frigeration of the feed gases followed by fractionation 
of the liquid product to the desired specification. 

The incoming feed gas, after scrubbing to remove any 
entrained liquid, is compressed and cooled before enter- 
ing a separator. Hydrocarbon condensate is withdrawn 
from this separator and sent directly to the stabilizer, 
and any condensed water, originally contained in the 
feed, is withdrawn from the system. The uncondensed 
gas, leaving the separator, passes through one of the 
two drying towers, where it is substantially completely 
dehydrated and then is cooled by an exchanger in which 
propane, the refrigerating medium, is evaporated. The 
resultant mixture of gases and condensate is separated 
in a drum, the former leaving the plant as residue gas 
and the latter being sent to the stabilizer together with 
the heavy condensate, mentioned above, for fractiona- 
tion to final specification. The drying towers, in parallel, 
are so manifolded that while one is removing water 
from the gas passing through it, the drying agent in the 
other is being revivified with a portion of the residue 
gas leaving the plant heated by steam in an exchanger. 
The refrigeration system is a closed one, and therefore 
there is no direct contact between the propane and the 
gases being cooled. 

It is interesting to note that, if desired, the residue 
gas leaving the plant can be delivered entirely free of 
water vapor. The importance of this feature of the 
process becomes increasingly apparent if further proc- 
essing of this material is contemplated. 
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The process is applicable to all types of field gases 
available at any pressure, and analyses of the resultant 
product and also the residue gases indicate substantially 
complete recovery of the pentane and heavier com- 
ponents and the almost total absence of propane and 
lighter components in the gasoline product. 

The system, in addition to providing an efficient 
method for natural gasoline recovery, can, by a few 
simple modifications, be operated for the recovery of 
liquid propanes and butanes to serve as feed to a 
thermal polymerization unit. 

The simplicity and flexibility of the process, ample 
instrumentation and control facilities, and low utility 
requirements, especially steam, coupled with the use of 
standard equipment, result in a plant which is easily and 
inexpensively operated at a high on-stream efficiency. 

Below are tabulated some of the typical data for a 
plant of this type built by The M. W. Kellogg Company 
and initially operated in 1938. 


Typical Feed Gas Analysis Tail Gas_ Stabilizer Gas 
26.95 


Pe eer pik leg oe tae 83.46 86.12 ; 
RS ee ee cea ee 5.69 7.48 12.57 
gia Sas cas ack ois ace 4.62 4.38 37.37 
Ses 0S ees 1.37 .94 14.73 
6 ARREST, “Bites 2g ees 1.57 1.08 8.38 
CsH2 ( Iso) bot be Oe 0 ees 1.13 0.00 0.00 
Grea suo k'as alr wis So sia'e d .49 0.00 0.00 
A, GPRD ERYA PREIERE ceepag yelper 1.67 0.00 0.00 

Stabilized Gasoline 
C3Hs ee a ee PR ee ee 0.00 Grav. 77 
2 SSE OS eer aera 2.67 90°F. Initial 
OS AGERE SSS ita ers Par ea E a 19.17 96 5% 
OS errr 18.80 100 10 
SB SS ae Sake eas 13.27 110 20 
2 PRR, 3s a ate pape 46.09 120 30 
132 40 
144 50 
160 60 
180 70 
196 80 
220 90 
305 95 
305 E.P. 
95.8 Rec. 
18.4 lbs. Reid Vapor 


Pressure 
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Pressure Maintenance Process 





GASOLINE RECOVERY 


RESSURE maintenance is defined as the prac- 

tice of returning gas which has been passed 
through a compression plant and which has had its 
gasoline content extracted, to the oil-producing for- 
mation for the purpose of maintaining reservoir 
pressure and energy and the value of this practice 
has been proved during recent years. The industry 
will see a large number of these plants installed and 
gasoline from so-called distillate wells will be eco- 
nomically produced while the practice will serve to 
save gas for fuel that otherwise would be wasted; 
provide energy to produce oil naturally, prevent 
water encroachment, increase the life and usefulness 
of natural gasoline plant operations; increase the 
ultimate recovery. of oil and reduce gas/oil ratios. 

By starting in the early life of a pool, gas may be 
made available from high pressure traps to absorbers 
at pressures sufficient to eliminate one or two stages 
of compression and the corresponding machinery 
cost. From such intake pressures, one or two addi- 
tional stages will be sufficient to compress the gas 
for return to the formation against any known pres- 
sure. The highest known pressures used for return 
of gas were 4600 pounds per square inch used by 
Continental Oil Company at the Tepetate field, 
Louisiana. 

Gas taken off traps under high pressure contains 
mostly methane and ethane. Very small quantities of 
condensible vapors are removed and the gas is too 
lean in gasoline content to process economically in a 
gasoline plant. Such gas may be taken directly to 
high pressure compressor intakes for direct return to 
the formation. This method of operation reduces the 
size of the gasoline plant required, as it will only 
have low pressure gas to process. The small amount 
of light recoverable ends carried out with the high 
pressure gas will ultimately be recovered, and the 
return of these ends provides a washing action in the 
sand tending to increase ultimate recovery. 

Two stage separation may be used on high pres- 
sure wells to provide gas at elevated pressures for 
compressor intake. Oil from the high pressure sep- 
arator is carried to a low pressure separator, and from 
there through a stabilizer (if required) to control 
its final vapor pressure. The flow sheet on the oppo- 
site page shows the plant layout. Gas from the low 
pressure separator is carried through a conventional 
absorber plant. This gas will be rich in gasoline con- 
tent, as it is largely solution gas liberated by the 
pressure drop between the two separators. Leaving 
the absorber the gas is compressed up to the suction 
pressure of the high pressure compressors for return 
to the producing formation. The waste vapors from 
the crude stabilizer are compressed and circulated 
through the absorber, where condensable fractions 
are saved in the gasoline produced. 

The proper pressure for operation of the high 
pressure separator is determined only by field tests. 
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All wells will show an optimum range of separation 
pressure, where the liquid content of the fluid will 
be greatest and with minimum gas/oil ratio. The 
pressure for best separation varies with the forma- 
tion, gas/oil ratio, and hydrocarbon composition. 

Although the gas take off high-pressure separa- 
tors is relatively dry, its recoverable gasoline con- 
tent should be considered in working out the balance 
between loss of revenue from such gasoline, against 
the cost of lowering the working pressure of the 
separators to normal plant pressure and then com- 
pressing the residue up through the required stages 
to well input pressure. In most cases the economic 
operating conditions will be at the high pressures. 
These conditions make it feasible to return gas to 
the formation from wells within extremely high gas/ 
oil ratios, and maintain continued production with- 
out waste at reasonable lifting costs over long 
periods. Operations of this type will save gas in the 
formation for future consumption. The machinery 
cost for single-stage compression is relatively low; 
the operation expense will also be low. 

In some formations of the so-called distillate-well 
type, all of the hydrocarbon compounds exist in 
the gas-phase. Hence the distillate production, gen- 
erally a water white product, does not exist as such 
in the formation. Its appearance is due to retrograde 
condensation. 


The products of such fields are best recovered 
under a complete pressure maintenance program. 
Many such plants will be installed for proper handling 
of such projects. If the stripped gas is not returned 
to the formation, the pressure will rapidly decline to 
the point where valuable hydrocarbon fractions in 
the gas phase will condense to liquids due to the 
change in physical conditions. This condensate will 
wet the sand grains (otherwise dry) and a large 
portion of it will be made irrecoverable for all time. 

Continued production of such fields with such high 
gas/oil ratios will soon depleté the largest reserves. 
Gas could be returned to the formation at high pres- 
sures for a few cents per barrel for the condensate 
produced, and the process can be continued without 
waste or rapid depletion of reserves, greatly increas- 
ing ultimate recovery, and producing gasoline cheap- 
ly during the entire period. It has been shown that 
when pressure in such fields is reduced to less than 
1200 pounds per square inch in the formation, as 
much as 25 percent of the otherwise recoverable 
liquids will be lost by wetting the sand. The liquid 
products being obtained by this process from gas- 
phase reservoirs is due to retrograde condensation, 
and a high percentage of the volume can be produced 
without loss in the reservoir if pressure is maintained. 

The foregoing brief description of pressure main- 
tenance processes for gasoline production is based 
on a paper “Pressure Maintenance” by E. O. Bennett, 
Continental Oil Company, presented before the 
American Petroleum Institute, Division of Produc- 
tion, May 24, 1938, and for full details of the process 
and its widening application the reader is referred 
to the original paper. 
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Absorption Oil Purification System 








PETROLEUM ENGINEERING, INC. 


HE purification, or reconditioning of absorption 

oil is usually accomplished by some method of dis- 
tillation. One of the first methods to come into general 
use was the fire-still unit. Equipment required for a 
unit of this kind is a small tank mounted in a furnace 
to serve as a still for evaporating the oil, a condenser 
for cooling and condensing the overhead vapors, and a 
receiver for the condensate. The more elaborate instal- 
lations of this type are equipped with some kind of 
fractionating column, and have controls to make their 
operation more or less automatic. 

Another type of unit for purification of absorption 
oil is the vacuum still. This unit consists of a fractionat- 
ing still, or a column provided with baffles in its upper- 
most end, and a steam heater coil in its base. The still 
is provided with a condenser, a condensate receiver, and 
a steam jet for maintaining a relatively high vacuum on 
the entire system. Due to the vacuum held on the 
system, a pump must be provided for pumping the con- 
densate out of the condensate receiver into the plant 
system if the unit is to operate continuously. 

There is still another type of unit being used for the 
reconditioning of absorption oil which is of recent de- 
velopment (patents pending) and is described here 
through the cooperation of Petroleum Engineering, 
Inc., Tulsa, Oklahoma. The unit consists of a still, or 
tank, with trays and baffles and a heater. It works in 
conjunction with the main absorption plant still and 
requires no auxiliary equipment such as a condenser, a 
condensate receiver or a pump. The unit operates at a 
pressure of a few ounces above that of the main still to 
which it is connected. 

The operation of the unit is illustrated by the flow 
diagram appearing on the opposite page. The agitation 
steam, which normally enters the absorption plant still, 
is diverted and passes into the purifying unit where it 
evaporates the lighter fractions of the absorption oil 
contained therein. This steam, saturated with oil vapors, 
then fiows into the absorption plant still, performing its 
stripping action there in the usual way. The heat re- 
quired to evaporate the lighter fraction of the absorp- 
tion oil in the purifying unit is supplied by steam in the 
heater. Raw oil from the plant system is charged auto- 
matically to the purifying unit by a liquid level con- 
troller. The raw oil stream is usually taken from the 
rich oil stream just before it enters the rich oil pre- 
heater ; at this point the oil is relatively hot and is under 
sufficient pressure to flow into the purifying unit with- 
out the aid of a pump. 

The unit requires no additional utilities, such as 
steam or cooling water. It is true that the heater con- 
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sumes a small quantity of steam when the purifying 
unit is in operation, however, the quantity of steam con- 
sumed in the rich oil preheater is reduced by a quantity 
equal to that consumed by the heater on the purifying 
unit. A heat balance will show that the oil purifying 
unit will add no additional load to the gasoline con- 
densing system or to any other equipment in the plant. 

Only a small portion of the plant oil circulation passes 
through the oil purifying equipment. This amount will 
average less than 1 percent of the total oil circulation. 
In a plant having an oil circulation of 400 gallons per 
minute there would be about 2 to 4 gallons per minute 
passing through the purifying system. 

In addition to improving the absorption efficiency of 
the lean oil, it has been observed that the purified oil 
removes sediment and gummy deposits from the plant 
equipment through which it circulates, thus improving 
operation of the heat exchanger equipment and the plant 
in general. As an example of the increase in efficiency 
of the lean oil coolers in one plant due to the elimina- 
tion of heavy ends, gummy deposits, sediments, etc. 
from the absorption oil, at the time the oil purifying 
unit was installed there was a difference of 9° F. be- 
tween the temperature of the lean oil leaving the coolers’ 
and the initial temperature of the cooling water. After 
45 days of operation with the oil purifying system this 
temperature difference was reduced to less than 2° F. 
Likewise the oil purifying unit decreases the quantity of 
heavy ends boiling above 525° F. At one plant when the 
unit was started, 27 percent of the lean oil had a boiling 
point above 525° F. After 45 days of operation this per- 
centage was reduced to 2 percent. The removal of the 
heavy ends of an absorption oil improves the other 
characteristics of the oil, such as A.P.I. gravity, and 
molecular weight, which in turn permits a lower oil 
circulation for the same plant efficiency and conse- 
quently a reduction in quantity of steam consumed in 
the distillation process. 


The purifying unit effects a decrease in gasoline con- 
tent of plant residue gas. In one plant at the time the 
unit was installed the gasoline content of the plant 
residue gas was .0549 gallons per thousand cubic feet. 
After 27 days of operation this quantity was reduced to 
.0404 gallons per thousand. 


In existing plants where units of this type have been 
installed a decided improvement in plant operating ef- 
ficiency has been experienced. It has been found that 
after four to six weeks of operation of this system the 
absorption oil has been completely reconditioned and 
that its quality is equal to that of new oil. It also has 
been found that no “dumping” of absorption oil/is re- 
quired, thus eliminating a sizeable yearly expenditure 
in some plants. 
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Gas Engines Equipped With High 


Tension Battery [gnition 


O improve operation of two-cylinder, two-cycle, 

165-horsepower gas engines under the local condi- 
tions in its gasoline plant at Sayre, Oklahoma, West 
Oaks Gasoline Company installed high-tension battery 
ignition. It is said that improved performance is ob- 
tained, and electricity generated ‘with machines con- 
nected to each engine is constant in voltage and 
amperage. 

In installing the battery ignition, the major problem 
was constructing a satisfactory breaker unit, install it 
en the engine and obtain an easily adjustable spark 
control. Each of the four engines is equipped with a 
wide-faced belt pulley, and an extension crank shaft 
supported with an outboard bearing. The center point 
in the end of the crank shaft is bored and tapped for a 
locking cap screw to attach the low tension breaker. 
The breaker unit is made in the shop and consists of 
a rotating part and a stationary part. 

The stationary part is made of steel, machined from 
a bar about two inches in diameter, with a center hole 
for locking to the crank shaft with the locking cap 
screw. The rotor is deeply cut on one side with a dove- 
tailed groove 3%-inch deep, in which is pressed the 
breaker-point carrier. The points themselves are 34-inch 
wide the long way of the carrier, made by setting 
hardened metal into the carrier. The points are so set 
in that each is on a plane with the others and. are 
finished as a small cone, relatively sharp at_the point. 


An adjustable carrier is the stationary~part, attached 
to the bearing of the outboard pillar, and is made of 
plastic. Both the upper and lower parts of the outboard 
bearing are machined so that this stationary part may 
be installed with a slight press fit. A “T’y handle screw 
is used to lock the part in the position desired for the 
most efficient setting for spark control, and may easily 





Battery ignition breaker assembly. 
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be retarded or advanced to suit conditions. This carrier 
is fitted with two contact points, one for each cylinder 
of the engine, having a lock screw for ease in removing 
worn parts and installing new ones. The wiping points 
attached to the stationary carrier are made of broken 
hack-saw blades which have the teeth ground away, 
leaving a thin flexible wiper to obtain the required pres- 
sure between the rotor and the stationary parts of the 
unit. The advantage claimed for the hack-saw blades 
for this use is that they are easily obtained, quickly 
installed, and have the desired spring for making the 
electric contact. 


Current for this type of ignition is obtained from two 
small storage batteries. The batterjes are placed at one 
end of: the engine room, connected with wiring to a 
knife switch which may be used to disconnect the 
battery from service, or thrown in the opposite from 
running position and at this point, take a recharge 
from the direct current generated by the exciters 
of the alternating current machines driven by the 
engines. Cables in conduit are installed through the 
roof structure of the building, with leads running to 
each breaker assembly to obtain current from the bat- 
teries for ignition. 


Square coils are used to transform the direct current 
to high-tension secondary current. These have remov- 
able vibrator points, and are mounted above the heads 
of the power cylinders with short spark plug wires to 
reduce possible leaks. The case that contains the vibrator 
coils is sufficiently large that four coils may be installed, 
but two are all that the installation requires. A spare, 
with new vibrator points lies within reach of the engi- 
neer who may remove one which may be in need of 
adjustment and replace with the fresh coil without 
shutting down the engine. 





High tension coil assembly on power cylinders of gas engines. 
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